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A. Norgaard* 

MAGIC I Logic 



ABSTRACT 

The logical equations and a descriptive glossary of logical terms for 
the MAGIC I computer is presented 



Attached is a copy of the revised logical equations for the MAGIC I 
computer, together with a descriptive glossary of all logical teifms. 

Due to the prototype nature of the computer, logical changes are to be 
expected. Changes contemplated for the MAGIC II computer will first be made in 
MAGIC I, wherever possible, to verify their logical correctness. When changes are 
made, revised copies of the affected pages will be forwarder to the above distribution. 



♦Original Instruction Processing Unit Logic hy F. Gurzi. 
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:.>V.1C 1 LOGICAL 5CUATI0H3 

1. INSTRUCTION PROCESSING UNIT 

1.1. CORE .iTKMORY I-.iSAD AID COUTH OL 

1.2. INSTRUCTION 3UFFER REGIS 3ER 

1.3. 0P2RATI ON CODS REG 13 TER '" 

1.4. CONTROL COUNTERED INPUT/OUTPUT ADDRESS REGISTER 

1.5. OPERATION CYCLS COUNTER 

1.6. INSTRUCTION COUNTER 

1.7. 3IA3 REGISTER 

1.6. OPERAND ADDRESS ADDER 

1.9. ISMORY ADDRESS BUFFER REGIS TSR 

1.10.LIEMORY ADDRESS REGISTER 

1.1 1. INTERRUPT 

1.12. IDLE 

1.13.L'CU INPUT SYNCHRONIZING 

2. ARITHMETIC UNIT 

2.1. ACCUMULATOR REGISTER 

2.2. MILTIPUERAuOTIENT REGISTER 

2.3. MULTIPLICAND/DIVISOR REGISTER 

2.4. MULTIPLY COKTROL 

2.5. DIVIDE CONTROL 

2.6. ADDERS' 

2.7. MJLTIPLY/DITIDE HIT COUNTER 
2.6. DISCRETE INPUTS 
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3. ACGSLEiaHBTJffi AND OUTPUT PKOC333IHG UNITa 

3.1. AC ;BLEB0IET2IQ AND IJSAL TIMS 

3.2. JCRD COUNTER 

3.3. 400 CYCLE COUNTER 

3.4. GIMBAL ANGLE COUNTERS ' 

3.5. 3ABTH NAVIGATION, STAR SCANNER ABlf EXTRAP0LATOB 

3.6. GYRO TORQUING AND AUTOPILOT 

3.7. HALF AIDER B 

3.8. SERIAL INPUTS TO A R3GI3T2R 

3.9. DISCRETE OUTPUTS 
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1. INJT.UCIIOBi giOCSiSIKG UNIT 
. 1.1. CORE HBMORY READ AKD CONTROL 
1.1.1. READ AED RESTORE 
KS'OS * 3AO OK 



ifflOR * SAO* CSS 

MRE5 » 5AB CK 
JfiiSR .« 3 AS* CBS 



ODD BI» 
EVEN BITS 



cajo » iffldtras cz + stoi* + ia tks cz + ai sto 

QMS * MEiE( TK3 CL * 3-TO)* + M2 TR3 CZ + A2 dTO 

ta^i 3ff>iAfi prapuT 

OS » CMO ODT ' + CMS 2DT 

1.1.3. READMITS CONTROL 

RDI3 * f(MPY ♦ 3IVJP06 ♦ IDL .VB*] DT24 
RDIR « U3IPY + DIV)CZ-> EX ♦ T ft» ] DT24 



"OTM 

iSDlK 



RDI DTI 
RDI* DTI 



1.2. HBffigCTLOB BOTggl RSGI3TEB 

IB24P3 s OS(G2 IDL* EX* * TP6 ) 

«. IBHC2*(DY* + GZ) + IDL EX*] 
+ ENTKYJ EX 

1B24EJ = IB24IB* 



IBnJS = IBXM-I 
iBnPR s IB»*1* 



IB24d a IB24P CP* 



I324R s IB24P* CP* 



I3B3 ■ IBaP CP* 
IBBB * IBnP* CP* 



H =• 23,22,.. ...1 
LBGC «« fffi +:TP6)0P5 4- (CI DT2-7 * C2* DT1223 )(DY* .4* (E)CP1 
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1.3 . 0PBKATI0H.CQD3 RBGISTjSB 



0E63 * 


IB24 


|3T0 


0K6R « 


1B24* 


|ADD 
i3UB 


QB5S - 


IB23 


^LDA 


0H5H * 


IB23* 


:isk 




i 


DIV 


0R4S = 


IB22 


•• IIPY 


0R4R * 


IB22* 


TEA 


QR33 s 


1321 + HU£ 


TR3 


OR3H a 


IB21* Til?* 


LE3 


0R23 s 


1320 


RTS 


QE2E = 


IB20* 


XAB 

33R 


0E13 = 


1319 


23B 


aaua » 


IB19* 




ORGC = 


30 OP* 


INP 
OUT 



TEM = 1324 1B23* IB22* A24 IUI 

BC3 =33 CP5 J1!P 

3CR a DTI GP5 



« 0R6* 0R5* 0R4* 0B3 02* 

r 0E6* 0R5* 0R4 0R3* 02* 

= 0R6* QR5* 0R4 0R3 C2* 

a 0R6* 0R5 0R4* 0R3* G2* 

= 0K6* OSS 0R4* 0B3 02* 

s 0K6* 0R5 0R4 0B3* C2* 

= «§f 0R5 0R4 0B3 C2* 

3 0E6 0B5* 0R4* 0R3 02* 

3 GR6 0B5* CE4 0R3* C2* 

= me QE5 0R4* 0R3* 082* ORl* C2* 

= 0R6 0B5 0K4* 0R3* 0R2* Olil C2* 

3 0B6 OR5 0B4* 0B3* 0S2 OP.l* G2* 

= OS6 0R5 GB4* 0E3* QR2 ORl C2* 

3 0R6 0R5 0R4* 0B3 QB2* ORl* (2* 



0B6 OR5 0R4 0R3* fl&2* ORl* 02* 

0R6 0R5 0E4 0R3* 0R2* ORl 02* 

0R6 0R5 0B4 0R3* 032 CP.l* C2* 

0R6 0R5 0R4 QR3* 0R2 ORl C2* 

QR6 0R5 0B4 0R3 A24 G2* 



m - TRA *> TR3 ♦ 1SPI ♦ DIV 

Oi s DIV BS + MPY PCS t (TRA + TR3 )PG5 
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1.4. CONTROL COUNTER ASP IKPUg/oUTPUT jfeygjj REGISTER 

CU1K = 0al* PSC 4 (IB14 t MDT1?)33 
Gil PR s,GUP3» 

CA2Bi sCA2* CA1* DEC 4 (1315 + LDTlf )33 
CA2EH *CA2 CAl* D3C t IBI5* MDTN* 3S 

CA3P3 #.?» DSC 4-" {1316 4 mWH)3E 
CA3PB =P04 DEC 4 IB16* KDTN* 3S 

CA4PS a CA4* P3 DSC 4 1317 3E 
CA4PI1 - CA4 PZ DSC 4 IB17* 32 

CA5P3 • IB18 33 

CA5PE * CA4* PZ DEC + IB18* 3S 



CA6P3 
CA6PB 



1313 3E 
IB13* 3E 



CA13 


s 


CAlP CP* 


CAlR 


= 


CAlP* CP* 


Gi23 


- 


ca2p cp* 


CA2H 


& 


CA2?* CP* 


CA3S 


X 


av3p cp* 


G13F. 


St 


CA3P*: CP* 


0143 


St 


Ci4P CP* 


CA4P. 


s 


Gi4P* CP* 


CA53 


m 


casp cp* 


CA5R 


X 


Gi5P* CP* 


(k63 


jy 


gasp cp* 


CA6R 


a 


CA6P* CP* 



CAGC *C2* DT24 CP5 +■ (LBS 4 ?:TE)DT24* CPl 

DEC * DY CZ* + J G3 

MDTN * IB24* 1B23 IB22 4 IB24 IB23* t JN 

JN - 1B24 IB22 IB21 

33 - (DY* 4 CE )DT24 C2* 



PC7 r CA3 CA2 0A1 

PU6 r Ci3 CA2 Gil* 

PCS r Cn3 CA2* CaI 

PCM r CA3 CA2* CAl* 

PC3 Z Ca3* CA2 CA1 

PC2 Z Gi3* Ca2 CAl* 

PQ - CA3* G42* CAl 

P2 Z CA3* CA2* CAl* 

1.4.1. Lfo AND RT2 CONTROL 

3CFP3 ' 0*6 DT24 CPl 
3CFPK * DTI 



3C7 - 

3C6 |- (Not decoded) 

3C6 J 

| 3 04 r CAS CA5* CA4* 

3 C3 Z CA6* CA5 CA4 

> 3 02 r CA6* CA5 CA4* 

5®. Z CAS* CU5* CA4 

33 Z G^6* CA5* CA4* 



3C*"3 rJJCPP CP* 
3C2S r 3C?P* CP* 



3C3 • (P^* 4 CA4 4 CA5)(LR3 4 PTE)DT1-12 
3CP» C*6(LRi 4 RT3DT1-12* 
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013 • CLP CP* 

Clt = CLP* CP* 

c&3 = cep cp* 

C2lt = G2P* CP* 



1.5. QP^tATIOS CYQL3 COUKTaii 

CtPo r CO(DY* + CZ ) 

CLPR r 01 (DY* + 03 ) * TP6 

G2P3 r CL(DY* 4- CZ ) 
C2Fit s C2(DY* ♦ CZ )1DL* 

CGC = DT24 GF5 

GO x CI* 02* 

1.6. HygRUCTIOH COimTSR 



IC12FS s IC1<TP7* DZ1* 02* + TP7 DTI 823 4- IDL) 

♦ CMS TP7 DTI -12 

♦ 34 D.31 

4. AB1 02<IKT1* +• INT2JIDL* 
4- U2.G2' 1911 INT2* IDL* 

icizm * letups* 



IC123 r IC12P OP* 



ICnES = IOnfl 
ICnPR s ICa+1* 



n s 11,10, ,1 



IC12B r IC12?* CP* 

I0n3 r I GnP CP* 
ICnR r ICnP* CP* 



I CGC z {TP7* DT1217 + TP7 DT1825)GP1 +• TP7 DTI -12 GP5 
TP6 s (2EA .*. TR3 )PG6 
TP7 5 (TEA + TR3 )PC7 

dii = (dt* +• oca 

1.6.1. IKfrTRUCTIQK CODKT IHQ-.EMBKgBR 
33 = I & # C¥3 



CY3P3 r D~l Jiff* IDL* DT11 GP1 
CY3P1 =(IC1* DT11* t DT18) CP1 

1.7. BUd'-ft3Gl3Iffi 



CY33 s GY3P CP* 
CY3R s CT3P* CP* 



BJil2P3 3 (BR1 MBE* 4/ AB1 3MBB)TP7*(3BB* f DT1823) 

4- GSQ TP7 

t AB1 3 BR DT1214 
BP.12PB = BB12B** 



BHnBJ ar BBn+l 
BRnKB * BHntl* 



n r 11,10,. ...,1 
BRGO « TP7* DT1217 CPl 4- (TP7 4- 3 BR DT1823 )DT1-12* CP5 



SK123 s BR12P CP* 



SR12R * BR12P* OF* 

BRn3 a BRnP CP* 
BRnB s BRnP* C?* 
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1.7.1. 3LU hSgloggK AND IHaZKUOTIOK CCUK?£I-. Pup/aval OUTPUT 

3D03 = 31,1 DT1-12* f'l'a DTI -12 
EDGE a SDOfl* 
BDOC = CP7 

BD" = BDOi 

1.6. OPffl-AffD .Q3:-.3jJ ADD2B 

34 = X4 e Y4 • CY4 

X4 r IBl3(X4G f JC)DT1217 f CG 

Y4 s (BR1 BI3* + I CI B T 3)Y4G DT1217 

X4G3 r (DY* f GZ )DT10 
X4GIt = AC* TC» DT15 + DT16 

Y4GS = (IB24* 1320* + 1524 IB23 1321 )(DY* t CT. )DT10 
Y4GE r DTI 8 



CY4P3 = X4 Y4 t INT1 TB3 PC6 DT17 

CY4PR s X4* Y4* CY4 

GY4GC z lim Thi FC6 DT17 CP5 * (1KT1 TiLi P06 DT17)*CP1 

CGPa r (X4G *G* TC* JC* 1313 DT14 ♦ AC DT15JCP5 
CCHi r DTI 7 GP5 

AC* z iBi-4* IB20(DY* ♦ CZ }DT10 
AGS = DTI 7 

TCi r L324 1B23>(DY* + C-i )DT10 

TCR Z DT17 # 

JJi = JH I323CDY* + C£}DT10 
JCfi s 1B12* Dfl6 ♦ PT18 

3133 = (JN f IB19)aT10 
3UB = JH* 1B19* DT10 



CY4a = CY4P CP* 
CY4B = CY4P* CP* 



CGi = CCP CP* 
C<& = CCP* CP* 
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1«9. KEKQRY ADDRSJ3 WMM I^GId gg. 9 

AB12Pi = 101(02 IDL* + TP7 ) j AB123 = AB12P CF* 

t 33 DZKIUTI* *■ INT) 

♦ 34 [00 (DY* + GZ) + TO3 PC6] 

+ AB1 IDL EN* 

♦ SNTKY3 EN 

♦ikti i::r 

A312PR = *B12P3* ; AB12R - AB12P* CP* 

. A3nP3 = ABb+1 n = 11 #10, .. .. . ,1 i AEn3 = ,iBnP GP* 

<iBnPH = ABn+1* . ' | ABnR « ABnP* CP* 

ABGC SJJDY* JKP* * -JSJDT121? | (INT1 INT + TBd PJ6 ♦ TF7)DT1823] 2K* CPl 

4- DT1-W SN UPS ; 

1.1 p T frTfff JRT AlflRBSd r.aCiaT8R 

lAn3 s ABn b s 12,11, ,1 

MAnli s ABn* 

mGC a DT24 CP6 

1.11. INTELiBUPT 

IRT13 £ INT3(MDTN* t 00(1312* f IB11)C1 DTI CP7 

INT1K s TBS : CS f INT2 TR3* 00 CPl 

INT2S = INT1 INT* CI 

1H2SR s mm* 

INT33 | INT INT1* DT24 . 
IKT3B = INT2 

INT43 = 02 INT1 
IKT4R - j'®? PT24 

IHT5S z MCUINT 
INT5R = INT4 V. 

INT s PC4P MP GP INT4» HOiiKOSfT IDL* * INT5 
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• 1.12. IDLE 10 

IDL3 ■ LOGIDL EX* 'SB* G2 DTI 
1DLK = (LOGlDL* f 3X + 7& ) 02 DTI 

1.13. I! 31 IKHJT 3KC 

EXd * SX11&T ID1 
EXR = IDL* 00 DTI 

VJ33 » -.VDiTSP iDL 
.73 H * IDL* GO DTI 

3K3 * 2KTCOI IDL DTI 
3KB » DT18 
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2. ARITPKBTIC UKIT H 

2,1. AOCOKPLiTOR HflGIdTEB 

.i24P3 = 32 (',924 4 .927 4- ADD * 3UB ) I ,i24d = A24P CP* 

4 61 UZb 

4 31 J CS? <Lld 

4B2(DIV C2 DT24* f XAB 4 3CP 3CF* t BT2) 

4-*KE(a2 JSJ: f IDA) 

4- IB IIP 

+-IB48I DT24 

4 .i2(Dl? PC7 ♦ 3T0 4 OUT 4 IS I DT24 4 IDi) 

4*24 I£3 DT1-12 j 

a24PK m A24RJ* j A24K r A24P* CP* 

A23I3 » 31 (124 4 W27 4 ADD 4 SUB ) I A233 * A23P GP* 

+ dZD '.925 

4 Bl(Dl? OS 4 XAB t 3CP + BTB) ; 

t IffiOUl 1UK 4 LDA ) 

* lOlftP 

+ Al(DIV PC7-4 4T0 4 OUT «► DSI-4 IM.) 

+ A24 L&i DT1-12 ; 

A23PH « A23P3* JA23R x A23P* CP* 

AnPS » Axn-2 n a 22,21, 1 jAn3 x AnP CP* 

AnPR a An*2 I AnP a AnP* GP* 

rt BRJ * Bl DIV P07 : AB3 x ABP CP* 

4 A2(W27 LBT* + DIV*) j 
4 BB W27 1BT 

ABPR * *BB3* j A3R x ABP* CP* 

AGO x BGC *(IDiA + ADD + 3UB «• 3T0 * HIP 4 OUT 4 S^K * D3I 4 IDL)CP3 

AM x Al ODT 4 A2 SDT , . ■ 
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2.2. tfiL II FLI ZU AUOTI a3il i -. SGla Ti& 

324iS * A2(ia>Y PG7 f W24 LBT ♦ 017 0! + XABJ 

* B2JUFX PC7* L3T* + 3IV PG7 + KTjS) 

t ii m a; lb? 

♦ B1(W27 + LKS 3CF) 

♦ A24 Uio 6 Of* 
B24Hi a B24ES* 

B23P3 * Al(S3f PC? + iS24 L3T + UIV ffi +, XAB ) 

* B1(UPY PC7* 1ST* «. i>IV P07) 

♦ A2(11PX/CZ L3T + hIE + LK3 J 

* DC'fflSf PBT* 
323PR a 32333* 

B22$e s Al{IB3 ♦■ RIB) ♦ B24 Hid?* LTJS* 
B22PH m B22|B* 



n a 21, 20, 1 



BnPd s Bn*2 
BnPR « Bn+2* 

BBP3 a B2 
BBPK a B2* 



3GC a (324 + W25 + W27 + jCJ + ,JCP)CP1 
+ (KPY PC7 + DIV 327* ♦ XAB)CP3 

2.3. BDLTlPLIOtJrD/DIVIia-. r<J3GI3Tgi 

1.2 4P3 r [I'I:S(;^Y * DIV) + BIS Eifl I- <J7 
* (13 LIT + J2 D17)iL.* PC7' 

♦ id ikt urn 

iU;4pR r ii24Ei* 

ii23?J = t30(KTf ♦ JI7) ♦ BIO SEi] PC? 

+ (MA Ja-Y *■ Ml HIV)!- 07* 
323 W r i£3£i* 



UnPj s Lim-2 
L*aPH % 2£a+2* 



21 * *-Ar }£.iy • « • * • • f £ 



12 

B243 s B24F CP* 



saps = isM.a$* * pc7* ) 

iiuBPit — **&£& 

34&PJ s 5ii(lIPY* '+ PC7*) 
1IAPK * ilAFS* 

IXC S ffVK4 + -.»5 4 .727 +.3CU + JCPjiPJ* ItTg* PC?* f 
♦ fal + MV)Pi3 f 2Hd(PC7 f PC5 2 CP3 



32 4K a I24P* CP* 
: 3233 a !3~3P CP* 

i 

!b23H a B23P* CP* 

J B22.3 s H22P CP* 

; B22R s 3:.2P* CF* 

1 

j Btti a BnP OP* 

| Bztf a 3nF* CP* 

i 

! 333 a B3P CP* ■ 
| 33R a B5P* CP* 



;.~4a s i:24P CP* 

:S4F. = ;.24P* CP" 
1I&33 s :^3P CP* 






Xn3 s ;,JiP CP*"' 
iatfi = StaP* CP* 



233 s OP CP* 

2sr. = op* CP* 

::u s : ap cp* 

j&3 * i.;.r* cp* 



•30 IDI* CP1 



rCK r IN?1 Xlir2* CO* UT1217* 
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2.4. IUL7IFLY OCT COL 



D3EJ X24 
35Hi -34* 



!* n.r 



V* 






DIE* - 33 I?2A*+. 53* 51> 
Jlri: - Dlrti* 'i 



13 

D.Y3 ~- IX^P CI* 

; D^i - :>£p .ep* 

!D£r. -XF* CP* 

Dli - DIP CP* 
bl?. - DIP* CP* 



•jgo - 'il cpi .:;' 

gi * (::ry + i>I7;PC7* i/c't C&y* dit* f pc7) : t:B4 

W243 * 32PY PCS ixn 
3S4B * DT24 *BX 

'.f25i - fij^Y PC4 $224 rfBS j 
'.12 S3 -DT7 . l t £ 

2.5. JiiYIBB OQKffi'.OI 



JBi -(.i2 ® IL" i* )PC7 '+ {'At © (S2 )?C7' 



J OK; r^CPJ* 



DGGC rGl GH 

V727i rDIV PC6 DTI 
.7271 9 (o. t IUL):;T1. 

2.*'^t aSjSiia 

il r n $ Yl a on 

n'sU G3 t>^{51 13?, + D2J&PY + iKO 1IPY* DI7* 

CY1B> sf{Y2 t CT2H32 ® ad* ) •»• 12 C'2] Gl* 
CY1PB t CY1PJ* 



>z. :jcp cp* 
.-. DJP* CP* 



ens r CYiP cp* 

I (SIR = CY1P* CP* 



On GO r (K> I/I7)CP1 + ^PY* DI7* CP3 

S£ ={;<2 8 Y2 ® GY2 )(2!PY* + PC7* ) 

XZ = A2 G2 + Al DIV + iB LBT 13>Y 

Y2 r 12 G5 ♦ 11 32 L3?* J4PX + £3.(31 ♦• 1)2 )L3T ilPY + 5S3 L:PY* 317* 

GY2 = (Yl +• CXl)(:a © AD*V+ Yl CYl 

G2 = LUT-xei + 35>Y* 317* 

G3 3 31 LBT* ^S + 317 

A3*S B3 kPt * DC 317 + iUB 



J2JPJ s .32 iiGC 
i23Prl s 32* AGC 



i233 * 32DP CP* 
32JSR ■ 323P* CP* 
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2. 7. nilTIPLY/DITlJaS BIT ■XKTKgSh H 



\ 



H&P3 • lid* HC4*(ilp + i!C2*) * 1IG3* MC4 DIV KG13 » KC1P GP* 

nam « MGi(iio4* + xc8 vcs) ::&:■. » :.:&p* cp* 



3* 



IlCnPJ • ::Cta-l n = £,3,..., 6 L!Cni » KCnP GP" 

irOoPu - HCn-1* l r CnF. * I'&i?* cp* 

LlOr, G «~ ( P C7* * /rBT* ) GP1 

r*3T * KC1 £02* KC5* L T C4 

L3T ■ ires* rep. rQ4* 
2.s. D13ZZTZ 1x4m 

ID .'■ #11 bi- PC3 t IAA sfa PG4 f 1GP 32 P05 t HOD 0.', PC£ f &VV 3 « " fC7 

3X0 301 PG3 t 301 3C1 PC4 f;^02 3& Pfl5 t 305 JCOL ?06 t 304 id PC? 

305 3C2 PC3 * j06 JC2 rC4 §.'307 302 PC5 + 310 J G2 106 ♦ Di\R 3 02 PC7 

■3di».-3C3 P03 +■ tAii JC5 P04 #' TIE 3C3 PC* t T3A d C3 P06 4 T3B 3 OS PC7 
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3. .icatJdfoc&jSiaK akd output pj-.ocssjjisc uhim. (apu. opu) 
3.1.1. ACCsELgaoaajaB.-iBocaadiiic . 

3.1.1.1. U AXI3 



15 



AUR13 - IUR DT£S GF5 
*U22K - lUIi* M23 GP5 

AUQ13 e IUQ DT23 CP5 

ATJ0LH » Iffi % -5li? CP5 



ABK23 
AUB2R 

AHQ2R 



A1IR1 DT24 CJ5 
AUB1* MB4 CP5 

AUQ1 3124 GP5 
AlTQl* DT24 GPS 



ATJB3 a {>Tmi*{J«JQl AUQ2* * ATML* ,AUR2 ) 

• ♦ *TJR1 (AUQ1* ATM* f AliQl* AUC*Q'D2»4 GP* 
AUBH s D76 IUV* CP* 

AUG3 * C*tJia*(AffQl* -ATIQ2 t ATJQ1 ABB2) 

+ : AT^l fAUCl* A0R2* ♦ AUQ1 -AHC2* jj MB* CP* 

'aIks .fc'fiye itjp cp* .. 



3 f ig t $ # 7, 4^ia 

i¥itl3 s 118 DT5 CP5 
A7B1H SITS* Dflj CP5 

■A7<&3 rl7Q »•$£ CP5 
AVQIfi S. IVft*:ij?S CP5 



A7R23 

A7K2E 

AVQ23 
A7Q2B 



* A 731 BT6 CP5 

* A7I1* DT6 CP5 

». A7Q1 DT6 (JP5 

s A7Q1* Sf6 CP5 



A7M i'.'DtTOl*U'7S51 A7«$* ♦ *7S&* A7Q2 ) 

+ AfSa U?«l A7B2* ♦ A7Q1* AV(52)]Df6 CP* 

■ ; A7BB ? DfJ2 I#* OP* ■ 

A7 Ca 2 CaTBI* (ATftl * A7gt >- A7Q1 , A7B2 ) 

+ A7H1 JAfQl* A7B2* ♦ A7Q1 A7y2*j|DS6 CP* 
A7CS r DT12 IU7* CP* 

3.j-,x. 3 1 ./ Ajqa, 



AalRlS. 2 ■ l".ffi Bfl| CP5 ; 
AffiOB S I",l»* : 'ttel CP5 

■Alois = I'vfQ WttJkCBS,. 
A^QIE = IWQ* Eft! e?5; : 



AttB) sXL'&1*(A7QI AJK32* + A3C1* A3K2 ) 

* ,--i?ffil (A^t:l ATtBS* V AV/Q1* AW? Q 9112 OP* 
AS7HB S DT18 ISD* CP* 

Awes ~ Asai^Uv/ci* A*Q2 ♦ ur& aw*) -'■ 

t nVZRl (A'.7C1* AWR2* + A.K1 i.7^2* )] DT12 CP* 

awck '* ' Dfie iap* cap* 



&W£3 


* 


Af81 


i»i2 


CP5 


AlRSfi 


f 


ATBi* BH2 


CP5 


A$623 


a 


i^fej 


DT12 


CP5 


Afl5$B 


*: 


i^tt-* 


' BT12 


CP5 
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3.2.2. ACCSLSRQL'STSa ^D K3AL TIKE ItSGISTSKS 

3.1.2.1, u .jtd v AccgtsRCKSEss. nsGiaTsii 



U716P3 = HAd IUV* 
UV16PK s UV18P3* 

U7HP3 s UVm-1 
UVijJR = UVn+1* 



B » 17,16 # . 



.1 
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TJ7183 S U718P CP* 
UV18K = UV18P*CP* 

U?n3 r UTfcP CP* 
UVbE x UVnP* ' CP* 



UVGC s !?AT* DT1225* IUV* CP1 + (DT1~9 + DT1321 )IUV CP5 

1U7 S IKP PZ , .. 

3.1.2.2. 7/ ACCJLSKOlETaE AKD DELIA T h3GI3TSa 



TDiepa s Had im* 

7D18EB = .3D18IS* 

SDaBS : 5)n+l 
JDnPB s VTDn+l* 



n - 17.16, ,1 



mBa s TO18P CP* 
WD18R s 3fD18P*CP* 

,7Dn3 s TDnP CP* 
,7DnH s ,/DnP* CP* 



.'/DGC; HAT* DT1223 l.ifD* CPl f (DTI -9 f DT1321)I./B CP6 
IWD = IHP Pd 



HATPi s (DT5 + DT11 <► DTI 7 ♦ DT23 ) CPl 
HATPS . * (DT6 4 DT12 4 DT18 4 DT24)CP5 

3.1.2.3. affilAl ISPCT3 & * 2BGL3TER 



HAT3 * FATP CP* 
HATH = HATP* CP* 



1AD0S S (UV1 IUV + TOOL IWD)(DTl-9 4 DT1321 ) 4 ASM DTI -9* DT1321* 
IADCB t IAD08* 
IADOC Z CP7 

IAD83 i (UV2 IUV 4 m» lWD)(DTl-8 4 DT1320) 4 A3B DTI -9* DT1321* 4 AdSS 
IADSB S IADaS* I 
IADSC S CP7 

A31S s ftJVl HWtf)T9 — DT21) 4 7/D1 I3D DT9] CP7 
A3HB Z (DTI > DT13JCP7 
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3.1.3. HAjjg APD3E A 17 

KA3 = HAI ® HAK 

HAl = UY1 DT1223* f Vffil DTI 223 

HAK3 = {HUK DT6-17* * HVK DT6-17 )DT12£S* ♦ iKXK DT6-17 ♦ KDK DT6-17* )DT1223 

HAKH = HaK3* 

HAKG = CP* 

!*' 

HUE* = UUB ♦ AUC)HAT DT1223* \ 

HUKH = (U71 AUB + UV1* Al7C)HAT* * DT1223 

KUEC * CP1 

UVU = (aVB 4 AVC)HAT DT6-17 

HVKR = (UV1 AVB ♦ UV1* AVCJHAT* + DT6-17 

HVKG '» G?l 

HWK3 * (AVB * AV?C)HAT DT1223 

H\«KK = (V/Dl A£B + 7D1* A'.7C)HAT* ♦ DT1223* 

HtfKO * GP1 

HDK3 * HAW HAT DT24* 

EDKRa (-3©1*»HAT* DT6-17* DS1223 ♦ DT24)Il|D* 

HDKC « CH 



HAWP3 = HAW» DT24 CP5 
HAWPH « HaW DT24 CP5 



HA - ,© as HAWP <XP* 
RAflB = PAW tf* 



3>2| g£BB cm 

W01P3:* 9GL*I>Sf4 CP5 

W&PR » If dl D5®4 CP5 

'":• vefcw» we* wcap* 



was = 
w&r * 

MB • 



(f ap + 01© )DTl 
WG1P* OIB* DTI 

7/QSP WdP 
WPP* H70LP 
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3.3. 400 CYOS CCOTTER 

FC4P3 S FC4* JPGI* 

FC4PR r FC4(FC2 + FG3* PCI*) 

FC3P3 r FC4 
FC3PB = FC4* 

FC2P3 s FC3 
FC2PR r i-'CS* , 

FQPS r FC2 
PC1PB r FC2* 

FOGG s GQ CP* 

FOG = FRO + FC3LP* FC4? FG2P* 

FRG S FC1P(FC3P FC2P* + FG3P* FG2P) 

3.4. GIMBAL ABGLE CQtJNT.EK3 

3 ♦4..1, GlMB.il ABBlg-Q OTOT.QmH5-.01 

GCli Z GF* GC2 CPl 
GG1B = UGK GP1 

GC2J Z GO. CP* 

GC2R Z GF CP*,, 

GCSd Z GA* FC4P* FC2P FC1P* GC1 GG2 CP 

GC3R % FC2P* 

GC4PJ C GOG CPi: 
GC4PR Z GOG* CPI 

GCG Z GF* G3G + GC3{GF* ♦ GJG) 

G3G Z GA FC4P* PC2P FdP* <► FC4P FC3p(GB FC2P 



[FC43 r 
JFC4E = 
j 

JFC32 = 
I FC3R s 



IFCB3 
' FC2P. 

FC13 
FC1R 
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FC4P CPI 
FC4P* CPI 

FC5P CPI 
?C?P* CPl 

FC2P CPl 
FC2P* CPl 

Fca-p cpi 

FC1P* CPl 



! GC43 « GC4P CP* 
i GC4R « GC4P* CP* 



+ GC FC2P* ) 
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5.4.2. Gliffl Al aKGLB COUHTJ& - LOS GED2R 

GAlRi s {GA1* GC4 + GRGJCPI 

GA1PB * GA1 004 CP1 



GA2PS s Ga2* GAlPB ♦ GB6 Cpl 
GA2PB s GA2 GAlPB 

GA3RJ ;•.» Ga3* GA2PB ♦ GEG CP1 
GA3PB * GAS OASIS 

GA4P3 s Ga4* GA3PB + GB6 OKI" 

GA4PR s GA4 |§li& ■ • If 

GA5P3 s GA5* GA4PB + Gffe CPi 
GA5PB * GA5 GA4PB 

GA6PS .» GA6* fl*6PB •+ GBG CP1 
GA6PB S GA6 GA5PH 

jjftlB i',GA7*'®A6Hi + org €31. 
GAflB * : GA7 - GA6PR 
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GA13 b'GaIP CP* 
GA1B = GA1P* CP* 

GA23 s GA2P CP* 
GA2B s GA2P* CP* 

GA3S s GA3P CP* 
CA3B * GA3P* CP* 

GA43 s Ga4P CP* 
GA4B s GA4P* CP* 

GA53 st GA5P CP* 
GASB at GA5P* GP* 

0A63 # GA6P CP* 

GA6R * GA6P* CP* 

C-A73 % GA7P CP* 
GA7B § GA7P* CP* 



GC53 s GA7PB GC4 CPl 
GC5K r GA7JH* DT19* C|| 

GCS3 £ GC6 GA7PB* 

G06B a GC6* WOL 'MM'' v 

GBS = IGA DT24 t iBG 

gac = ggs wca aaae 

3.4*3* G1H&A1 AS6LS COPKfflffi * HIOH CSiBBB 

GA12P3 S HBi ♦ IGA t jig 
GAlftFB = HB3* IGA* ntf* 



GAaPd s GAn+1 
GAaPR = GAn+1* 



tt % 11,10,9,8 



GA123 * GA11P CP* 
GA12S « GA12P* CP* 

GA«3 *- CUftF CP* 
GAnfi * GAaP* CP* 



GAije = (#G1 + IGA + ZB0)2T1923 CF5 
IGA S ISP m" '' ;' 

$4$'? /'^'|i|^';^':C^:'|»i9Ul'> GAS DT15 "f GA7 DJ17 -f 049,011923 

SAO r Gift &ZU t GA4 BUS t GA6 DTI? 4- GA6 ©42,9*3 

IG4P r GAS Drilil CP7 
I6ABR S {GAS* f ftfUflf )OCT 



IGA03 5 .040 B«J123 CP? ;." 

IGA0B X (GAG* # »*i|*$*)G|?7 



MEMORANDUM 3249-LA-166 8 April 1963 



3 .5. &ihTH MAVIGATION. 3 TAB 3C&K&SB AKD BXTBAP0UT03 

3,5.1, 3AETH NAY.. dTAR dCAWKJR A BD 3XTRAP0LATQB RBGI3TIE 
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R312P3 r ARS 0S3 ♦ HBS OB* (IBS* * DT1-12 ) 
H312PB rBS12P3* 



SinP3 5 Ranfl 

BinPI *.»wl* 



s * 11,10,.....,! 



SS123 «S812P CP* 
H312R s 1B12F* CP* 

IBaS = KaP CP* 
BSnE s NSnP* CP* 



fcSGC =D>T1~1** IJB, + 1)11-12(083 + Kaj) CP5 

IRoffl = Ki2 DT1-12* CP7 

IJBSB ■«• {B$2*<f DTL-12 JCP7 

IHSGS x»Jl Ml-U* CP7 ? 




aiMCHBOMZITO 



3.5.2.1. QDOKSTBR 

0P13 S POD 0P8* DT23 
OPIS * 0J* W(S* DT23 

0813 s SOS 0B2* DT25 
OBlfi 9 <XZ WC1* DT23 

OC S OP2 7C1 DT8 

OB = OT2 .70. Df 5 

IF13 s PAI !,»* DT23 
LP1B S LPS 7CL DT23 

LN13 = 5AL UK* BT88 
U1B r LS2 WQt DT23 

IC s LP2 WQ* DT24 

' 10 3 LH2 wa* DT24 



0P23 a 0P1 WC2P DTI 
0P2B s !{2L* TOEP* DT24 

CK23 s CHI ?C2P DTI 
0S2E s 0P2B 



LP2S S LP1 TfCZ DTI 

LP2E s yd 1CZ* DT24 

LB23 I LH1 VOt DTI 

U2£ * LP2B 
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(iPIB » s»Ci P06 030 CPS 
GPM1 = {33P ♦ M0F + DO?)CP5 

1333 at 3C4 PC4 230 DT8 

IdaB « (33 P ♦ WF ♦ DO/) DTI 6 

33P3 * fcKL* &li f.mZ WC1(GPM + 3BlflDT16 

3spk ■ (osa # aot iim$ 

SiStg^t poayftftr-- gcarym 

3ACS . •.aS4.!Pi;.|lti§ , •COPS' ■'.■/■ 

■■ 3A0R « ''C3B\'#S';..;' 

3A13 a 3C4 PCI D30 CP5 
3A«l « CSS CPS ''-'- 

r . 3B0$ r JC4 PC8 UiO CP5 
3BCR ■ CSS CPS 

3BJ3 a;,3C*.?G3 D3 CP5 
3BPR a C3H CPS 

C3B = 304 PC5 Dip 

■ ' 3aC3 S 3 03 JS D30 OPS , 

&tCB a (33P + MOP ♦ DOfjOPS 

, .BAJS s 3C3 POL D30 CPS 

SaJBK C £.iCK '" ! 

2BC3 a 305 PCS DaO CPS 

1SQB a BACH ' 

SSIS a 3C3 PC$ SttO CPS 
: SSJS a SACK ! 



J8B23 * Df 1 
1SSR a 1B12P 



MEMORANDUM 3249-LA-166 8 April 1963 

3.5.3.5. 3 CAR COSTR01 COPHTS B 

3K13 = 3K2* oW3 oil DT12 
3KLR Z 3K2 337 3T1 DT9 + 133 * 

3K2S S 3K1 3DP* 3T1 DT5 
3K2B riKl* DT24 

3.5.3.6. 3 IAS HJL33 gIMH CaUKTHK 

j«?i: SB 13^* CP5 
3W4PR 5 (3E3* * I3WJCP5 



22 



SW43 = 3W4P CP* 

3W4B S3W4P* CP* 

3,7a3 a 3'JfttP CP* 

iWnR = 3 r ,8fcP* CP* 



3HC3 S3HCP CP* 
3HGR SJHCP* CP* 



3W&PS Zi^ltl CP6 n » 3,2,1 

SStePB =3',?tt+i* CP5 

aHS 5 3W1 $ 3H0 

3RCP3 a 3DP 311 DT8 CP5 
SHCPR X3W1* SBC CP6 

I3W -IIP PC5 

IofCB r3WX :P4 ' 
I3WQR SdWl* CP4 

3.5.3.7. 0QAB3S PULifi COTIROL 

3J13 s K36 DT2 CP5 
3J1H s KJ6* ©12 CJ5 

3J23 x[3Jl* M311 3AP* 3B** t 3J1 N311*(3AF f 3 E? J 133 7C1 II3 * *>T9 C¥5 
3J2B SDT8 CP5 



3P4P3 * {3pr#**P4* J3PGC 
3P4IS s (3P1 $ 3P4)3PGC + 133* 

3PBP3 S3Pa 3PGC 
3PaPB *JPfc* 3|ft0 

3PGC =(3T1 3K2 4- 337* 3K2* )DT6 
. SV7 -•*?! SPA SPS 



3P43 B 3P4P OT8 
3P4fi S3P4P* DW 

3PB3 s 3PnP DT8 
3PnB s3PnP* Dffi 
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3.5.3,9. OUTPUT PULiS iiYHQUlOSIZlHG 

3T13 s 3T2* POG WOL* (GPK + 13S )DT3 CP5 
3T1R * DT2 CP5 

ST23 a ill Df24 CP5 
3T2B s POG* C?5 

\ FAP s 3AFVBAP* t*i -. 
PAH % 3AP EAP 3ft 

GAP c 3a3*(3AC f 3J2 138 }(3T1 + 3 J2 ) 
CAN * 3AC{£AC * 3J2 133 1(331 + 3J2) 
PBP s oSF* BSP 3T1 ' 
PBS s 38?' BE? 3fX 

QSP 1B 380* (SBC +SJ2 I33)(3T1 «• 3J2) 
CBH - fJBC(iEB0 + 3J2 133 ){3T1 ♦ 3J2) 

S,S T 3.Il. *ftffBI ABB BOEBQy 

30 »(3AP* EAP f 30* '^0)139 3H 33P* D5C24 

38 »[GPM t 133 (SAP SAP + 30 I0JJ3T1 33P* BT24 

3S1S * 302 PC4 BSO CP6 
SHE j> (MOP + DOF ) CP5 

EX03 « 3BM33P- 
3XQ& * MOP f SO? "'•" 

" S8"'W 3SM SXO* WC1* BT24 ■ 

300 a SXO 
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3.6. OYKO TORQUEB AHD AUTOPILOT 

3.6.1. GYRO TORCUEh AKD AUT OPILOT R3GIJT2R 

TA21P3 '■'■ AB3 OTA + HB3 OTA* 
TA21PB ■ TA213* 



TAnP3 ■«. TAn+1 
TAnPB • TAn+1* 



a * 20,19 ,1 



TA213 

TA21R 
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TA21P CP* 

TA21P* CP* 



TAnS ■ TAnP CP* 
TAnH *TAnP* CP* 



TAGC m (WC1* Whf* + 0TA)(DTl-7 + DT9-15 ♦ DT1723 )CP5 

OTA • OUT $$''', 
3.6.2. QYBQ MEGUIW PUL33 CQHTROL 

KtoiU WR*TI <?oy^9^ 

15X3 «,TA21 Of A DT8 CP5 
T3XH a 3S421* OTA DT8 GPS 

1333 • TA21 (JTA DT16 CP5 
3BYB * TA21* OTA DT16 CP6 

3S2S * TA21 OTA DT24 CP5 
T3ZR 3 TA21* OTA DT24 CP6 

TSM w. fildX g&lffi* TAl* »T7 + ©X* HBE2 DT8)TK2 TK3* ♦' FLT]c?5 
lW$ m (OTA J%f* + M0F.>9»' 

CMl'^ASIXJtel* TAX* DT15 + ®T* HBK1 BT16)TK2 tRS* + ftV$GF5' 

■ "*jnp,* tixs :';. 

"TB23 '«'$.«£ HBS2* TAl* DT23 4- 333* HBK2 DT24JTK2 TK3* ♦ ?LT}CP5 
3SZH * 7NXH 

3.6.1.3* QPgRAtl OK ASP OUTPUT CONTROL 

TK13 * J?OG T83* M DT23 CP5 

jTKIR « J>f2 .GR5/ -■' - 

TK23 * TK3. 0TA* DTI CP* 

, ,. sot' » not lip gfs 

TK33 = TK2 DT24 CP5 
TK3S * FOG* GP5 
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3,6.2,4, OUTPUT HJLSB CATSS 25 

TXP ■ TdX* TUX* TPG 
TXI m ©X TNX* TP0 

tip « 33** tht* tpo 
tyh ' » by thy* tpg 

TZP ■ T32* TNZ* TPG 

T2N * 132 TNZ* 'TP6 

TPG « TK2 TK3 OTA* 

. Td .* ^f;:«nr* ^ tes* bt8 ■ 

TBI « T3T* TH** TK2 TJC5* DT8 

TC2 * 3SX TUX* TKL DT24 + T3Z TNZ* TK2 TBS* DT16 

■TB2 • !pX* THX* IJK1 DT24 *' T3Z* THZ* 1K2 TX3* DTX6 



. « ?w W»,P 



a|i s (»*i &n*i3 t gas DTi-u*}wca 4 tai trca* 

HBK 3 (14** 4 Dfl-5 )HBKJ 4 *& DT1-5* EBK2 WG1 DT1-12 
4 HBK1 J?a DT1-13* 
4(HBBL DTS-16 4 HBEE BT9-16* )WO* PfcT* 

HBKLF3 a (30 *3I4 LC 410 4 GAC + TCI 4 TBI 4 SB)GP5 
HBK1PB * feBK|(HBGl HBI* 4 HBB1 HBI ) * HBGl* HBB1*}CP5 

HBX2J9 S ( OC 4 08 4 TC2 f TE&)CP8 

HB»PB a £sip(HB(» HBI* 4 HB»$ ftBI ) 4 HBCfc* HBB2*)CP5 

' hb&3 it : (ac 4 1*1 4 &$C 4 tci jcpi 
a&caa s(»W7 * j>t23]cpi 

HBB13 5 (3B 4 U 4 TBI + 8B}CPl 
HBB1B a DT17 CJl 

HB0S3 a (OGf »<»)CP1 

EBG2S * [(DTI f DTJ7 >*<& t 3T9 V7C1*] QP1 

,H3S*8 «-(*»■ 4:j|t;|ii| s ' 
EBB2R a HBC2H 



HBKia # HBKJP CP* 
HBKL1 » HBK1PK CP* 

HBK23 m HBK2P CP* 
BBK2B « HBK2P* OP* 
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3.8. SERIAL INPUTS TO A RSGISTSt 26 

io = iado(iuv t rm» + igao iga 

f IB30 IB3 * IMO PCS •>■ I3W0 IdW 

IS = IADE(IUV + IWD) 4- IGAS IGA 
+ IK3B IKS + 1MB PCS 4- 3W1 ISW 

3.9. DI3CRBTE OUTPUTS 

ACP3 » 3Z P£ DSO CP5 

ACPH = (SCI PZ D30 + K0FJCP5 

AMIS «oZ PC51 D30 GP6 

Aiaii ».o:qi pa bso t hofjcps 

DhT3 « 32 PCS D3 CP5 

datb s (sa pce.sso + iiopjcps 

DIMS » 32 PCS DSO CP5 

DIMB s (SCI PC3 DSO + M0F)CP5 

NCK « S2 PC4 DSO CP5 

5CPB s (3 01 PC4 DSO * M0f)CP5 

PJBB * 32 PCS DSO CP5 

RBDB s (3C1 PCS DSO * M0FJCP5 

3D13 r 32 PC6 DSO GPS 

3D1R s (3d PCS D30 + MOPjCPS 

PLX3 s 32 PC? DSO GPS 

PtXR * (3C1 POT DSO «• K0P)CP5 

MRD ;« 305 K26 B30 

AHiQ s 3C2 P2 D30 Cp5 
AR12B afrOF f D0P)CP5' 

PGR s 3C2 Pa DSO 

FL5R3 s 3C2 PC2 DSO GPS 
FITR =(K0P + D0P)CP5' 

GAHS x 3 02 PC* DSO OPS 
GAHR s&QF^ D0?)CPS* 

SEAS s 3C2 PclgpO CPS 
3 TAB syiOF ♦ $fl*)cp5 
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3,9. DISCRETE OUTPUTS (CONT*D) 
MAC * SC2 PC6 DSO 
TAC ■ SC2 PC7 DSO 
HALT « SC3PC4DSO 



COPPS * 
COPPR « 

COPGC f 

DOF « 



COP* COPGC 
COP COPGC 

SC3 PC7 DSO DT9 

SC4 PC7 DSO 



COPS * COPP COPGC* 
COPP * COPP* COPGC* 
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GLOSSARY OF LOGICAL TERMS 
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Term 
AB 



ABGC 

ABR 
AB1 



AB12 
AC 

ACP 

AD 

ADD 



AGC 



AMI 
i 
APU 

AH 



* 
.8 


Section 
2.1 

1 


! l 


! 1.9 ■' . 



Description 

A Register Even Bit Delay. Used in DIV operation for obtaining one bit 
left shifted sum (from A Register) as Augend (X) input to Adder. 
Used in MPY operation to remember sign of A Register at last bit time 
(LBT). 

ABR Gated Clock. Provides either 1 mc. or 500 KC clock pulses for 
shifting the ABR. 

1 l.» Memory Address Buffer Register <A3l-AB12l 



s : i„9 



S 1.9 

8 I 1.8 

i *■ 
\ 

' 51 ' -. 

S JS. 9 

l 2,5 

I ■ ' ■■ 

L lo 3 



L 2.1 



S 3.: 



3.0 



2.1 



Memory Address Buffer Register . A 12 bit serial register which 
accepts the address of the memory location to be accessed during 
the next word time. In normal operation, (no transfer or interrupt) 
operand addresses are shifted in during C2 (from IC) and CO 
(from 84) and the next Instruction address is shifted in during CI 
(from S3), the ABR is initialised from the Instruction Counter entry 
keys on the MCU when En-l e 

Absolute Address Control . Set at beginning of DT10 if next instruction 
to be executed refers to working storage (7600 - 7777). for its operand. 

Accepted Check Point Discrete Output Flip- Flop. Set oode 7300. Reset 
oode 7320. 

Addf gubfraot ControL Used in CY1 and CY2 logic to cause SI and 82 
to produce either a aum or difference. 

Add Command. Deooded from Operation Code Register (ORl-OR6> 
Used in A Register and AU Adder Logic to control the addition (2 b}ts 
at a time at 250 ko) of the contents of the selected memory location to 
the contents of the A Register, with the qum replacing the initial con- 
tents of the A Register. 

A Register Gated Clock. Allows the A Register to be shifted only when 
used. The A Register shifts at 1 mo (2 bits at a time) during execution 
phase of MPY, DIV, LRS and RTE, and shifts at 250 kc (2 bits at a time) 
at all other times when used. 



Accepted Manual input Discrete Output Flip-Plop, 
Reset code 7322, 

Accelerometer Processing Unit 

A Register (A1-A24) 



Set code 7302. 



*S * Storage Element Output 
T * Timing Signal 



L 
I 



Logical Gate Output 
Computer Input Signal 
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ARM 



ARS 



ASM 



AU 



3.9 



2.1 



Si 3.1.2 



2.0 



Ann Warhead Discrete Output Flip- Flop. 
7317 (DOF). Also reset by MOF. 



Set code 7340. Reset code 



A Register Serial Output. Converts A Register output from 2 bits 
parallel - serial at 250 kc to one bit serial at SOO ko for purpose 
of communication with Inpu^ output Registers and MCU. 

!,'■■.'' 

Acqelerometer Registers Sign Storage Flip- Flop. Copies and holds 
sign bits of Accel erometer pulse accumulations so that the signs will 
be extended into bit positions 10 through 12 and 22 through 24 when the 
information is read into the A Register. 

Arithmetic unit 
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Table 2 



AUB' 



I 



AUC 

AUQ1 

AUQ2 

AUR1 

AUR2 



{ AVB 
AVC 
AVQ1 



AVQ2 
AVR1 
AVR2 



3.1.1 



3. 1. 1 



3. 1. 1 



3. 1. 1 



3,1.1 



3.1.1 



3.1. 1 



4Table 1 
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ill 
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Ojl 
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oioj 
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oji' 





1 


1 

1 


1 




"I 


1 





M> 


1 


y 









U Axis Accelerometer 

Borrow Storage Flip-flop. 

Set at beginning of DT24 if 

a unity subtract (borrow) 

condition is detected by the 

synchronizing flip-flop 

(AUR1, AUR2.AUQ1, AUQ2). 

Carry (C) or Borrow (B) is 

detected in accordance — 

with the truth table as shown 

in Table 2. Input signals 

R (Reference) and 

(Quadrature) present a 

Gray Code sequence as 

shown in Table 1, with a 

change in the direction 

of the negative arrow 

required to produce a 

Borrow (B) and a change 

in the positive direction 

required to produce a 

Carry (C). 

The R andQ signals are synchronized by the Rl and Ql flip-flops 

which are copied, in turn, by the R2 and Q2 flip-flops. Therefore, 

if Rl and Ql represent the states of the inputs at fjme t, R2 and Q2 

represent the previous states or the states at time t-1. - 

U Axis Accelerometer Carry Storage Flip-flop . Set at beginning of 
DT24 if a unity Add (Carry) cbndition is detected. See above discussion. 

U Axis Accelerometer Quadrature Signal Synchronizing- Flip-flop . 
Copies Quadrature Signal at end of W03. 

U Axis Accelerometgy Quadrature Sijiial Synchronizing Delay Flip-flop. 
Copies AUgfat eftd of DT24. . 

' U Axis Accelerometer Reference Jiynal Synchronizing yiip-flop. 
Copies Reference Signal at patitbf 0^23. g. 

U Axis Accelerometer Reference Signal Synchronizing Dejlay Flip-Flop. 
Copies AUR1 at end of DT24. 

See description for AUB through AUR2. Substitute V for U, DT5 and DT6 for 
DT23 and DT24 respectively. Timing ift shifted so that a common unity 
Add/Subtract unit can be used for all 3 accelirometew| and real time. 
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AWB 

AWC 

AWQ1 

AWQ2 

AWR1 

AWR2 



3. 1. 1 See description for AUB through AUR2. Substitute W for U and 
j DT11 and DT12 for DT23 and DT24 respectively. Timing is 
! , shifted so that a common unity Add/ Subtract unit can be used, 



Al 
» 

t 

j 

« 

A24 
BB 



BC 



BGC 



• S 2.1 



S 2.2 

S 1.3 
L 2.2 



BIE 



S 1.7 



BIO 



BIS 



S 1.7 



IS 1.8 



Accumulator Register, A 24 bit register used in all Arithmetic and 
Input/Output operations except DSO. May be considered as two 12 
bjt shift registers with a common gated clock, one register holding the 
even numbered bits and the other register holding the odd numbered 
bits. See description of individual commands (ADD, SUB, MPY, etc) 
for further details 

B Register Even Bit Dela y Flip-flop, Used in the execution of the DIV 
command to allow the least significant half of the double length dividend 
to be left shifted one bit position during each 12 us cycle. 

IBR to OCR Transfer Control. Provides a 2 us pulse when the IBR 
is to be parallel transferred to the OCR. 

B Register Gated Clock. Allows the B Register to be shifted only 
when used. The B Register shifts at 1 mo (2 bits at a time) during 
the execution phase of MPY, DIV, LRS and RTE, and shifts at 
250 ko (2 bits at a time) at all ether times when used. 

Bias Register and Instruction Counter Even Bit Flip-flop. Used to 
store the even bits of the Instruction Counter (during DT1-12) and 
Bias Register (during DT13-24) In preparation for transfer to the 
even half of the M Register during the first word (PC7) of execution 
of the TRS command. 

Bias Regist er and Instruction Counter Odd Bit Flip-Flop . Same 
function as BIE for odd bits. 



Bias Hegtstsr or Instructio n Counter Select Flto-Flon. Used In . 
Memory Address Adder Logic to select the source of the Addend 
Input ( Y4) for the computation of the effective address of the Op« 
to be used is the next command to be executed. BIS is set at the # 
beginning of DT10 if the next command is a JOM or uses an mstructtfin 
Counter Referenced Operand. Otherwise it is reset 



n &ej| 
id W 
»erano* 
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BR 
BRGC 



BR1 



BR12 



! BSR 



Bl 



i 

B24 



CAGC 



CAN 



CA1 

t 



2.2 
1.7 



1.7 



2.2 



1.4 



3. 5. 3 | 

I 



1.4 



B Register (Bl - B24) 

Bias Register Gated Clock . Allows the Bias Register to be shifted 
at either 1 mc or 500 kc depending on the command being executed. 
The Bias Register shifts at 1 mc during DT12 through DT17 at all 
times except during the first word of TRA and TRS, when it shifts 
at 500 kc during DT13 through DT24. It also shifts at 500 kc during 
DT 18 through DT23 of SBR. * 

Bias Register . A 12 bit shift register used as an alternative reference 
for relative addressing of operands. The contents of the Bias Register 
may be changed indirectly by a TRA or TRS command or directly by an 
SBR or MBR command. At all other times the contents remain unchijbged. 
See description of TRA, TRS, SBR and MBR for further details. 

Bias Register (BRl - BR12) 

Multiplier - Quotient (B) Register. ' A 24 bit register used in execution f 
of MPY, DIV, LRS, RTE and XAB. May be considered as two 12 bit 
shift registeiswith a common gated clock, one register holding the . 
even numbered bits and the other register holding the odd numbered 
bits. See description of above commands for further details. 



Control Counter and Input/Output Address Register Gated Clock. 
Provides a clock at the end of each CO- and CI word for transfer of 
address field into CA1 through CA6 or for decrementing during the 
long commands. Also provides a 1 mc clock for LRS and RTE, 

Coarse Azimuth Negative and Positive Pulses . The output signals 
to the Star Scanner Coarse Azimuth digital servo. Pulses are 
generated under program control at a 7. 5 ms interval in the Gross 
Positioning Mode (GPM « 1) and at a 960 ms interval in the Star 
Scanning Mode (BS = 1). 

Control Counter and Input/Output Address Register . A 6 bit register 
used as a word counter for long commands (MPY, DIV, TRA and TRS), 
as a shift counter for LRS and RTE and as an address register for 
INP, OUT, DSI and DSO. In MPY, DIV, TRA and TRS the 3 least 
significant bits (CA1, CA2, CA3) are set prior to command execution 
and decremented binarily at the end of each word time until CZ = 1. 
In all other commands the address field (IB13 through IB18) of the 
instruction is parallel transferred into the Control Counter as shown,- 
prior to command execution. 
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CA6 
CC 



CEN 
CEP 



CME 



CMO 



CMS 



L 
L 



.' L 



! L 



1.4 



1.8 



3.5.3 
3.5.3 



1. 1 



1.1 
1.1 



Instruction Buffer Register 
I24T23T22T21I 2ofl9[l8 |l7~ll6 I15T14T I3T12T1I FlO i 

k( - 

J*r*C \ \ \ \ 



Control Counter 

In LRS and RTE the Control Counter is decremented at a 1 me rate until 
CA1 through CA5 are all zero. 

Complement Control Flip-flop . For relative addressing CC is used to 
extend the sign bit (initially in IB 18) of the instruction address field for 
the effective address computation. For absolute addressing it is used 
to force "l^s into the four most significant bits of the 12 bit memory 
address. 

Coarse Elevation Negative and Positive Pulses . The output signals to the 
Star Scanner Coarse Elevation digital servo. Pulse rates same as 
CAN, CAP. 

Core Memory Even Bit Gate. Presents the even bits to be written into 
memory. Except for STO and the last word of TRS these are the bits 
just read. In STO they are the even bits of the A Register and in the last 
word of TRS they are the even bits at the M Register (which contains the 
old Instruction Counter and Bias Register contents to be stored in 
memory location zero). 

Core Memory Odd Bit Gate. Same function as CME for odd bits. 

Core Memory Serial Gate . Combines CME and CMO to produce a 500 kc 
serial signal for input to the Instruction Buffer Register, Instruction 
Counter and Bias Register. 



CP* ! 


T | 


cps 'i 


T \ 


C5>1 : 


T| 


CP3 


t! 


CP4 


T \ 


CP5 


T i 


CP6 


T X 


CP7 


T i 


CP8 


T i 



1 mc Clock occurring between CP1 pulses. 

Strobe Clock. 

1 mc Clock . 

250 kc Clock . 

250 kc Clock . 

500 kc Clock . 

500 kc Clock. 

250 kc Clock . 

250 kc Clock. 



Coincident with CP5 during EDT. 
Coincident with CP5 during ODT. 
Coincident with 2nd CP1 in all digit times. 
Coincident with 1st CP1 in all digit times. 
Coincident with CP(i during ODT. 
Coincident with CP6 during EDT. 
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CSR 



;CY1 



ICY2 



CY3 



CY4 



cz 



CO 



!C1 
C2 



L ! 3.5.3 



i S 2. 



2.6 



S ! .1.6 



'S I 1.8 



L 1 1.3 



1.5 



S j 1.5 
8 j 1.5 



Common Sign Reset , A one word time discrete output signal used 
to fpset the 4 Star Scanner Polarity Control Flip- Flop. Code 7313. 

Odd Bit Address Carry Flip- Flop. Provides carr|/ borrow storage 
for the carry or borrow into the Odd Bit Adder. 

Even Bit Adder Carry Gate. Provides the carry/borrow function for 
the carry or borrow into the Even Bit Adder. 

Instruction Count Inorcmenter C J urry Flip-Flop. Provides carry 
storage for incrementing the instruction count. 

Operand Address Adder Carry Flip- Flop. Provides carry storage 
for the effective address computation. 

Co ntrol Zero. Designates the last word time of the long commands 
(MPY, JpJV, TRA, TRS). 

Zero State of Operation Cvcle Counter . Normally true for one word 
time (48 us) unless a long instruction (MPY, DIV, TRA, TRS) is 
being executed. 

Operation Cycle Counter. A two stage, three state counter used to 
control the operation sequence of the Instruction Processing Unit, For 
normal operation (no Interrupt or Transfer) the sequence is as follows: 
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State 
C2 

CO 



CI 



C2 
1 



CI 









C2 


1 





CO 








CI 





1 

> 


"•' ■—"■*'-—■■- 


t 








.- ._ _ Serial formation Flow 

Read in two 12 bit instructions from memory 
location n into Instruction Buffer Register (IBR) 
Execute right hand instruction from memory location 
lit ^°^ e f^™ address <* P«™ d '« l«ft 
Address Buffer Register (ABR). r 

Tom»! l %!T ta £ uaUm from «««ory location u. 
Compute effective address of operand for right hand 
instruction from location n and place in Instruction 
Counter <IC), while simultaneously placing the 
incremented contents of IC, (n + i) t in ABR> 

?!*? JVlL? Wt to « truc tt«« from memory location 
ofr^nT Wace co ^nt. of IC (effective address 
of rfcht hand n operand) in ABR, imm simultaneously 
placing the contents of ABR, (n + 1} , j n ZCe ' 

Execute right hand n instruction, etc 
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DAT 

! DC 

i 

I DEC 

i 

i 

I DIM 

! DIV 



DOF 



It 



I DSI 



s 


3.9 


s 


2.5 


L 


1.4 


s 

! 


3.9 


i ■ 


1,3 







3.9 



I DRR k 2. 8 



jL 11.3 



f 



Output to Data Link Discrete Output Flip-flop. Set code 7304. 
Reset code 7324. Also reset by MOF. 

Divide Control Flip-flop. See DIV. 

Decrement Control Counter Signal. Enables binary countdown logic 
for C A 1 through C A5. 

Brightness Gain Change Discrete Output Flip-flop. Set Code 7306. 
Reset Code 7326. Also reset by MOF. 

Divide Command . Decoded from Operation Code Register. Used to 
control gating in AU and IFU for execution of Divide command. During 
DIV the Operation Cycle Counter remains locked in either CO or CI 
and the Control Counter counts down to zero (PZ = 1) from its initial 
setting of 7 (PC 7 = 1) at the word time rate. The dividend is assumed 
to be in the combined A (most significant half) and B (least significant 
half) Registers at the beginning of PC 7. The divisor is shifted into 
the M Register from memory during PC7. At'the end of PC 7 the sign 
bits of the divisor and the dividend are compared and the Divide 
Control Flip-flop (DC) is set or reset depending on whether the signs 
are the same <Jr different. During DTI through DT6 of PC6 the 
divisor is subtracted from or added to the 1 bit left shifted dividend 
depending on whether DC is true or false. Subsequent changes in DC 
are made on the basis of comparison of Al and CY2 at last bit time (LBT) 
which occurs every 12 ps (6 digit times). DC has the dual function of A 
controlling the Add/Subtract decision and holding the quotient bits which 
, are entered into the least significant end of the B Register as the least 
significant bits of the dividend are shifted out. At the end of 24 Add/ 
Subtract cycles (6 word times) the quotient (with sign bit inverted) is 
in the B Register and the residue is in the A Register. During PZ the 
A and B registers are exchanged and the quotient sign bit corrected. 



Discrete Outputs Off Signal , 
flops. Code 7317. 



Used to reset certain discrete output flip- 



Data Register Ready Discrete Input Signal. Code 7256. 

Discrete Input Command . Decoded from Operation Code Register. 
Used in conjunction with Input/Output Address Register (CA1 - CA6) 
decoding to cause sign bit of A Register (A24) to be set or reset 
depending on whether the selected Discrete Input is true or false. 
Al through A 23 are unaffected. 
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DSO | L ■ ■ i 1. 3 i Discrete Output Command. Decoded from Operation Code Register. 

Used In conjunction with Input/ Output Address Register (CA1-CA6J 
decoding to control Discrete Output flip-flops and signals, the 
Extrapoiator Mode flip-flop and the Star Scanner Polarity and Enable 
flip-flops. 



DTI 

t 



DT24 

DTm-n 

or 
DTmn 

DY 

Dl 
D2 
D3 



Digit Time 1 



I Sequential timing pulses of 2 us duration each 






occurring every 48 us. 
Digit Time 24 

I 

\ Digit Times m through n inclusive. 



L 1, 8 ! Long Command Signal. True during MPY, DIV, TRA, TRS. 



S 2. 4 | Multiply Control Register. A 3 stage 
S : register used to control the addition 

S or subtraction of the multiplicand 

j (in the M Register) to or from the 
I partial product (in the A Register). 
I The D1-D3 input logic performs the 
| indicated transformation from the 

least significant multiplier bits at the 
! end of each add oycle to control the 
j operation during the following cycle. 
: \ (Note that the B Register processes 

j two bits to the right with respect 
; to the 13 us add cycle). Dl and D2 

are used to control whether the 
| multiplicand or twice the multiplicand 

is used as the addend (Yl and Y2) input. 
S D3 determines whether an addition or 
; subtraction is performed. 



B4 



B3B2A 



10 



4 
JLLL 

I 1 



;1 







! 

— r- 



1 1 i 



1 I 1 



D3 



D2P1 



.0 + 



+1 



►1 
+2 



-2 



rJL 



-1 



OjJ 

i 

0.4 i 

il 



U9 



1 



oil 



14.1 

io 
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EAC | S i 3.5.3! Enable Azimuth Coarse Flip-flop. Set code 7360. Reset by 

Scanner Servo Poaltioned (SSP) nip-flop, DOF or MOF. Used 
to control Coarse Azimuth Pulse gates (©AN and CAP) during 
' GPM. 

EAF S 3. 5. 3 ' Enable Azimuth Fine flip-flop. Set code 7362. Reset same as EAC. 

Used to control Fine Azimuth Pulse gates (FAN and FAP) during 
GPM and ISS. 

EB L 3. 5. 4 Extrapolator Borrow Signal. A 2 us pulse occurring every 96 us in 

the Extrapolator Mode (SEM = 1) when the NS Register is non-zero. 
Causes the NS Register to decrement every other word time until it 
reaches zero. 

EDT T Even Digit Time. A 250 kc square wave, true in all even numbered 

digit times. 

EEC S 3. 5. 3 Enable Ele vation Coarse Flip-flop. Set code 7364. Reset same as EAC. 

Used to control Coarse Elevation Pulse gates (CEN and CEP) during 
GPM. 

EEF S 3. 5. 3 Enable Elevation Fine Flip-flop. Set code 7366. Reset same as EAC. 

Used to control Fine Elevation Pulse gates (FEN and FEP) during GPM 
and ISS. 
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EN 



i ENTCTR 

i 

I ENTKYS 



EX 

EXINST 
EXO 



FAN 
FAP 



FBT 



FCGC 



FCR 



L 
L 



1.13 



1. 13 

1.2 
1.9 



S 1. 13 



1. 13 



3.5.4 



3.5.3 
3.5.3 



L [2.7 



L 13.3.1 



L 3.9.1 



ENTCTR Synchronizing FUp-Flop . Synchronizes the ENTCTR signal 
from the MCU with the computer word time. Used in AB Register 
logic to allow new Instruction Counter setting to be read in from the 
MCU during computer idle mode (IDL). 

Enter Instruction Counter - signal from MCU. 

Serial Information Line from MCU Control Register. When EN is 
true it presents the address which had been set in the Instruction 
Counter octal switches. When EX is true it presents the two instruc- 
tions which had been set in. the Instruction Entry switches. 

EXINST Synchronizing Flip-flop. Synchronizes the EXINST signal 
from the MCU with the computer word time. Used in IB Register 
logic to allow instructions to be read in from the MCU. 

Execute Instruction - signal from MCU. 

Extrapolator Zero Flip-flop . Set during word time that NS Register 
reaches zero in Extrapolator Mode. Reset by MOF or DOF. 



Fine Azim uth Negative and Positive Pulses. The output signals to the 
Star Scanner Fine Azimuth digital servo. Pulses are generated under 
program control at a 7. 5 ms interval in both the Gross Positioning 
• Mode (GPM=* 1) and the Star Scanning Mode (ISS= 1). 

First Bit Time. A one microseond pulse occurring every 13 jus 
during MPY and every 12 /us during all other operations. Decoded 
from Multiply -Divide Bit Counter (MC1-MC4). Used in DIV to 
designate time to place quotient bit (from DC) in B23 of B Register. 

400 Cycle Counter Gated Cloc k. Presents a synchronized pulse when the 
400 cycle reference signal (GF) goes negative. Used to clock the 400 
Cycle Counter. 

Flexowriter Carriage Return Discrete Output. Code 7342. 
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FC1 
FC2 
FC3 
FC4 



! FEN 
! FEP 




!L ! 3. 
JL ! 3. 



5.3 
5.3 



400 Cycle Counter . A four stage, twelve state shift logic type 
counter. Used In the generation of 1) the Interrupt signal(INT), 

2) the Gyro Torquing Pulses (TXN, TXP, TYN, TYP, TZN, TZP), 

3) the Star Scanner Servo Pulses (CAN, CAP, CEN, CEP, FAN, 
FAP, FEN, FEP) and 4) the Gimbal Angle Counter Control 
(GC1 - GC4). 



il_ 

1 lo 



o ; i 



0j_0 



1 i 



1 1 -, 1 



XL.. 



o i 1 



I 

— I — 



GC 



1 

X 

3 

4 



_5_ 

6 



9 
10 



11 



! i 



12 



1 i .0 10 : 0j 



- r 



4- 



Operation 



Output Servo Pulse (FOG = 1) 



Reset GA Register (FRG=1) .jOutput Se^oJPulseJF^G=l)_^ 



Count Alpha Gimbal Angle _ 
Generate INT (middle of interval) 



7 J Count Gamma Gimbal Angle, Output Servo Pulse (FOG= l) 
Count Beta Gimbal Angle 



Reset GA R egister (FRG=1), Output ^^gejyo Pulse XFOG=l).„^, 



Output Servo Pulse .(FjQG= 1), ..... 



!_L 



nrr 






Fine Elevation Negative and Positive Pulses. The output signals to the , 
Star Scanner Fine Elevation Digital Servo. Pulse rates same as FAN, 
FAP. 



FLT 



FLX 



FLY 



3.9 



3.9 



Flight Mode Discrete Output Flip-flop . Set code 7344. Reset by MOF 
or DOF. 

Flexawriter On Discrete Output Flip-flop . Set code 7316. Reset code 



i 7336. Also reset by MOF. 



I 2. 8 } ■' Initiate Airborne Computations Discrete Input . Code 7206. 
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FOG L : 3. 3 133 Cy cle Output Pulse. Derived from 400 Cycle Counter 

(FC1-FC4). 



FRG L 3. 3 



Qlmbal Angle C ounter Reset Sig nal. Derived from 4CC Cycle 
Counter (FC1-FC4). " 



GA I i 3.3 Al pha Gimbal Angle Input. A 400 cycle spare wave with phase 

i displacement from GF equal to Gimbal Angle Alpha. 

GAC L 3.4.2 Gi mbal Angle Car ry. Produces a synchronized signal to incf am ent 

the high order counter (GAS - GA12) with each overflow of Gi'7. 
The carry is synchronized to occur during the alternate wor 5 time 
when the high order counter is using the Unity Auu/Subtract Unit (HBS). 

GAE L 3.4.3 Gimbal Angle Counter Scan Logic - Even Bits. Performs parallel to 

serial conversion of odd numbered bits of low order counter 
i (GA1-GA7) and gates odd bits of high order counter to IGAE flip-flop. 

See IGA. 

GAGC L ; 3.4.3 Gi mbal Angle iii g h Order Counter Gated Clock. Provides 500 ke 

, cl^ck pulses when counter is bting incremented, recirculated or 

cleared. 

i • 

GAN S 3. 9 Autopilot Gain Ch ange Discrete Output Flip-flop. Set code 7346. 

Reset by MOF or DOF. 

GAO L 3.4.3 Gimbal Angle Counter Scan Logic - Odd Bits. Performs parallel to 

serial conversion of ever numbered bits of low order counter 
(GA1-GA7) and gates even bits of high order counter to IGAO 
flip-flop. See IGA. 

GA1 S 3.4.2 Gimbal Angle Cou nter -Jdow O^jenA 7 stage, lmc, straight binary 

counter. The counter is set (to all l f s) by FRG prior to the alpha 
count interval. During the alpha count interval it counts while 
GC4-1. During the Interrupt interval the court is rea^ out into the 
A Register (IGA-1) and the counter is reset. During tba first halves 
of both the gamma and beta count intervals the counter counts while 
GA7 S 3. 4. 2 GC4»1 and Fg read out and reset during the last halves. 



JGA8 S 3.4.3 Gimbal A ngle Counter - High Order. A 5 stage serial shift register 

which increments on the overflow of GA7 during the gimba' angle 
i count intervals. The register is set (to all l»s) by FRG ana also upon 

GA12 S 3.4.3 readout to the A Register (IGA-1). 
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GB 



GC 



GCG 



3.4. 1 
3.4. 1 
3.4.1 



Beta Gimbal Angle Input. A 400 cycle square wave with phase 
displacement from GF equal to Gimbal Angle Beta. 

Gamma Gimbal Angle Input . A 400 cycle square wave with phase 
displacement from GF equal to Gimbal Angle Gamma. 

Gimbal Angle Count Gate . A signal which is true during The phase, 
displacement interval of each of the 3 count intervals. The phase 
displacement interval is defined as the interval from the fall of the 
reference signal (GF) to the fall of the angle signal (GA, GB or GC). 
For beta and gamma angles greater than 1B0 , the phase dTsplacement 
interval is undefined. ■* '• 



I GC1 
| GC2 

i 



S 3.4. 1 j GF Trailing Edge Synchronizer . GC1 produces *#*©0 cycle pulse of 

S 3.4. 1 ; Ins duration in synchronism With the trailing edge of GF. This pulse 

I is used (in FCGC) to step the 400 Cycle Counter and in the set logic 

\ \ ofGC3. 



GC3 



3.4. 1 



GRG 



Alpha > 180 Detector . This flip-flop is set at the beginning of the 
alpha count interval if the alpha gimbal angle is greater than 180 . 
Used in count gate logic GCG. 



GC4 Is 3.4.1 { GCG Synchronizing Flip-flop. Synchronizes GCG with 1 mc^clock. 

Gimbal Angle Low Order Counter Overflow Detector and Synchronizing 
Flip-flops . Detects' and holds^the 1 /*s overfloj/ signal (GA7PR) until 
the high order counter (GA8-GA12) is incremented. 



GC5 


S 


3.4.2 


GC6 


S 


3.4.2 


GF 


I 


3.3 

3.4.1 


GPM 

i 


s 


3. 5. 3 ' 

j 



3.4. 2 



400 Cycle Reference Signal . A 400 cycle square wave used in the 
400 Cycle Counter and Gimbal Angle Counier Control Logic. 

Gross Positioning Mode Flip-flop . Set cdde 7315. Reset when. 
Scanner Servo Positioned Flip-flop is set (SSP=1). Also reset by 
MOF or DOF. Used in Star Scanner logic to enable bprrow pulses/ 
(SB) to be generated for decrementing the NS Register and to enable 
the Output Pulse Sync. (ST1). During Gross Positioning Mode the / 
Star Scanner is slewed from the index position to a predetermined 
star position under program control. 

Gimbal Angle Low Order Counter Reset Gate. Used to set GA1-GA8 
when FRG is true and also when the GA Register is read into the A 
Register (IGA=1). 
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HAI 
HAK 

HALT 

HAS 

HAT 
HAW 
HBB1 



L 



S 



3. 1.3 

3. 1.3 

3.9 
3. i:3 

3. 1.3 

3. 1.3 



3.7 



Half Adder A Serial Input. Gates UV and WD Registers to Half Adder 
A (HASj f * . 

'■A " 

Half A«er A Carry Flip-flop. Used as a common second rank flip- 
flop fo&he 4 primary rank carry flip-flops (HUK, HVK, HWK, HDK). 

Halt Discrete Output Signal to MCU. Code 7370. 

Half Adder A Sum Output. Used to recirculate and increment UV 
and WD Registers. 

( 

Half Adjder A Timing Flip-flop . Used in control of carry Flip-flops 

(HUK, HVK, HWK, HDK). 

Alternate Word Flip-flop. Used to increment real time segment of 
WD Register at a frequency of 10 kc. 4 

* 

Half Adder B Borrow Storage Flip-flop No. 1. Detects the 2 ps 
borrow pulses from the Star Scanner (SB) Altimeter (LB) Gyro 
Torquer (TBI) and Extrapolator (EB) logic aftd causes HBK1 to be 
reset on the first "1" bit from the serial input (HBI) for decrementing. 



HBB2 



i S 3.7 



| HBC1 

I 

I 

i • 

L HBC2 



S i 3. 7 



S 1 3.7 



*l* 



Half Adder B Borrow Storage Flip-flop No. 2. Detects the 2 y.s borrow 
pulses from the Odometer (OB) and Gyro Torquer (TB2) logic and causes 
HBK2 to be reset on the first "1" bit from the serial input (HBI) for 
decrementing. * 



Half .folder B Carry Storage Flip-flop No. 1 . Detects the 2 /as car 
pulsAfrom the "Star Scanner (SC) Altimeter (LC) Gimbal Angl 
Counter (GAC) and Gyro Torquer «(TC1) and causes HBK1 to 
on the first "0" bit from the. serial input (HBI) for increment! 




Half Adder B Carry Storage Flip-flop No. 2. Detects the 2 
pulses from th* Odometer (OC) and Gyro Torquer TC2 and c 
HBK2 to be reset on the first "0" bit from the serial input (HBI) for 
incrementing. 
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HBI 



HBK 



i HBK1 
' HBK2 



HBS 



HDK 



•i 



J HUK 

4 HVK 

! HWK 



IAA 
IADE 



3.7 
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Half Adder B Serial Input Gates TA, NS and GA Registers to Half 
Adder B in accordance with following table: 



Mode 



j NAV 



• NAV 



! NAV 



i NAV 



|„NAY 

| NAV 

| FLT 



FLT 



; FLT 



J L 1 
FLT 



WCI 



DT 

1-7 



9-15 



Function 



Carry/ 

, . . Borrow 
.J^ ) cation__Jgli ae 



Data 



Gyro - X Axis 



Gyro - Y Axis 



]TAl r TA7 
+ TA8-TA14 



1 i 1 



17-23 I Gyro - Z Axis 



Altimeter 



1 i 6-12 | Odometer 

JL 




TC2.TB2 
TCI, TBI 



TA16-TA21 TC2, TB2 

NS1-NS5 ILC.LB 

...... . .... - ■-- 

;NS6-NS12 ,OC,OB 

18-2_3tGimhal Angles :gA8-GA12 GAC 

1-7 ; Autopilot -Yaw Axis) JA1-TA7 j (None) 

9-15 I Autopilot -Roll_Axis;TA8-TA 14 j (None) 



Carry- 

... II 
HBK2 

HBK1 

HBK2 
HBK1 

HBK2 

HBK1 



ilr23 j .Autopilot -Pitch Axis •TA16-TA21] (None) j 

. .. ~ i -r-i j ic iwci xtoc i r>o ct5 an \ 



1-12 j Extras/Scanner INS1-NS5 j EB, SB,SC I HBK1 
18-23 ! Gimbal Angles JNS6-NS12 j GAC 



HBK1 



I L i 3.7 
S j 3.7 

1 

■ I ' \ 

; l ; 3. 7 

■ ■ s 

■ * 

S : 3. 1.3 

i *■ 

IS j #*#3 

j S f 3. 1. 3 

S 3. 1.3 

CfW 2.8 



2.8 
S 1 o, 



ft 



Half Adder B Carry Input. Gatde HBK1 and HBK2 to Half Adder B in 
accordance with preceding table. 

Half Adder B Carry/Borrow Flip-flops . Operate as Carry /borrow 
flip-flops for incrementing and decrementing functions as indicated in 
the preceding table. 

Half Adder B Sum Output . Used to recirculate and increment TA, NS 
and GA Registers. 

Real Time Carry Flip-flop . Used to increment real time counter in 
WD Register. 

Accelerometer Carry /Borrow Flip-flops. Used to increment or 
decrement Accelerometer counters in UV and WD Registers. 



Index Angle Achieved Discrete Input . Code 7210. 

Input Ac celerome t er and Real Time Registers - Even Bits. Holds 
even bits of UV and WD Registers to be read into A Register. 
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IADO 
IBGC 

IBR 
IB1 

I 
i 

i 

IB 24 



S 

| 

s 



3. 1.2 



1.2 



1.2 



1.2 



1.2 



Input Accelerometer and Real Time Registers - Odd Bits. Holds 
odd bits of UV and WD Registers to be read into A Register. 

Instruction Buffer Register Gated Clock. Allows IBR to shift at 
500 kc during instruction read in and at 1 mc during effective 
address computation and half rotation. 

Instruction Buffer Register (IB1 - IB24). 

Instruction Buffer Register . A 24 bit shift register used to buffer 
the instructions as they are read in from memory to recirculate 
the instructions for the purpose of the effective address computation. 



OCC 



C2 



CO 



CI 



C2 



DT 



1-24 



12-23 



2-7 



12-23. 



1-24 



Shif t Rate 



500 kc 
1 mc 

1 mc 

1 mc 



500 kc 



.^Operation _ __ 

CMS> IB24. _ Read [in two 12 bit instructions. 
Full recirculation. IB13+X4 to form operand 
address for next CI executed instruction. 

Half recirculation to place right hand 
instruction in IB 13 - IB24. 

Full recirculation. IB13>X4 to form. operand 
address for next CO executed instruction. 



Repeat cycle. 



...,! , I 



IC 
ICGC 

ICP 



IC1 

» 
I 

r 

IC12 





1.6 


L 


1.6 


L 


j 
2.8 j 


_ 
S 


I 
1.6 ! 



; S ! 1.6 



Instruction Counter (IC1-IC12) 

»•'■ 
Instruction Counter Gated Clock. Allows Instruction Counter to be 
shifted at either 500 kc or 1 mc depending oh operation. 

Insert Check Point Discrete Input . Gode 7212 

Instruction Counter . A 12 bit serial register used to buffer 1) the instruction, 
address, and 2) the operand address of the instruction to be executed 
during CO. 
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IC1 (con't)j S 



ID 
IDL 



IE 



i L 



1.6 



s ! l 



8 

12 




l 



3.8 i 



Shift Rate 



mc 



mc 



Input 

AB1-».IC12. 
Instruction address n 



ICl-»-IC12. 
(Recirculate) 



mc 



mc 



S4-MC12. Operand 
address for next CO 
instruction 

AB1>IC12. Instruc- 
tion address n+1. 
Repeat cycle. 



Output 

JC1*AB12. Operand 
address for next CO 
executed instruction. 

IC1->Y4 (BIS=1) to 
form operand address- 
for next C 1 executed 
instruction. 

IC1>Y4 (BIS=1) to 
fbrm operand address 
for next CO executed 
instruction. 

IC1*-AB12. 



4~a 



4 



Dlsorgtejtopttt S election Gate, Combines Discrete Input signals and Input/ 
Output Address Register states (PC3-PC7 and SZ-SC3). ¥ 



Computer Idle Flip-flop . Set at the beginning of C 2 if LOGIDL is 
true. During IDL all AU and IPU registers are either recirculated 
for output to the MCU or held static as indicated. Input/Output 
registers are unaffected. 



egister 




Data Rate * 


AR 


Recirculated 


250 kc 2 bit parallel 


BR 


Static 


* 


MR 


Static 





IBR 


Recirculated 


500 kc Serial 


OCR 


Static 


■ 


CAR 


Static 




OCC 


Static 




BSR 


Recirculated 


500 kc Serial 


IC 


Recirculated 


500 kc Serial * 


A BR 


Recirculated 


500 kc Serial 


MAR 


Static 





Input Even bit. Presents even bits of program selected input registers 

r>v Inrrir-. " 



to the A Register logic. 
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IGA 



IME 



IMO 



INP 



! INS 



INSE 



INSO 



INT 



! S 



3.4.3 



3.8 



3.8 



1.3 



3-5. 1 



3.5. 1 



3. 5. 1 



1. 11 



Input GA Counter to A Register . Selects GA Counters to be read 
into A Register. Used in GA Counter logic to cause all counter 
stages to be set following readout. The GA Counter GA1 - GA12 
is read into bit positions 12 through 23 of the A Register and the 
sign bit (A24) is always positive (zero). Therefore the odd numbered 
bits of GA (GA1, GA3, etc.) are read into even positions of 
A (A 12, A 14, etc.) and vice versa. 

Input MCU Data Register - Even Bits. Even bit data input line from 
MCU Data Register. 

Input MCU Data Register - Odd Bits. Odd bit data input line from 
MCU Data Register. 

Input Command. Decoded from Operation Code Register. Used in 
A Register logic to allow IE and IO to be shifted in. 

Input NS Register. Selects NS Register to be read into A Register. 
Used in NS Register logic to cause all register stages to be reset 
following readout. The NS Register is read into bit positions 13 
through 24 of the A Register. 

Input NS Register - Even Bits. Holds even bits of NS Register to 
be read into A Register. 

Input NS Register - Odd Bits. Holds odd bits of NS Register to be 
read into A Register. 

Interrupt Signal . A variable length (T > 48 /us) logically generated 
pulse occurring every 30 ms. In the compute mode (R3L ~ 0) INT 
goes true in the middle of the Interrupt state of the 400 Cycle Counter, 
and initiates the Interrupt sequence. During the Interrupt sequence 
the following operations occur: 1) Program control is transferred 
from location n to location 7777 where the instruction pair No Op, 
TRS(AT) is stored (assuming that the Interrupt subroutine is to be 
executed). 2) The incremented IC (n+1) and the BSR settings are 
stored in location 0001 . 3) The IC and BSR settings for the 
Interrupt subroutine are obtained from location AT. 4) The subroutine 
is executed. The last word of the subroutine contains a TRA (001) 
instruction which returns program control back to location n+1. For 
specific dtails of timing and information flow see next page. 
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INTERRUPT, TIMING AND INFORMATION FLOW - NOJtMAL OPERAT 



CAR 
OCC 

_DT 

■ INT ^ 

INT3 

INT1 

INT4 _ 

INT2 



Inttruction Executed 
Memory 

BSR 

ABR 

MAR 

M$ 

DT 



14 



!• -2 






In 
Out 
III 
Out 

In 
Out 



Out 
Ottt 



Out 



R/2 



241 1 2 



CI 

\m i7| it 




23 im 



C2 



12 



171 



24 



i£J2l 
12 17 



~i 



(None) 
[7777] 



f 777 



18 



23 24 ! 1 



|{ 7777 ) - No op, TRS^(AT2 

CMS {77771 
*f Rn, ILn 



MR frfr 

: '*A&» ' 



R 

■jC (ARn) 
7777 



12 



17: 



E 'l 



CO 



CI 



►42 



,17:23 P*. x !- a 



12 



17!23}24 



C2 

12 - id 






....i! 



IRn 

OR n 
ORn 

R 
R 



R 



S4 (A~No op) 



ARn 
ARn 



R/2 



|l2 



No Op 

- No op 
-*N©0p 



R 

n 
R * 

S3 in + i) 
A - No op 



A - No op 



17.4.,!at|l ! 2 ff 



(None) 

ClfeSC n+Q 
TRS(AT)~ No op 

ABR (nil) 



AT 



R 



IC (AT) 
n t 1 



n + 1 



12 



17;2;.!24 1 



112 



17, 



24 




AS 

AS 



CMS(AS). 
. p + 1 



IC(n-fl) 
24 1 li'US 



QMS 

BSa 



i 



AT 

BSRj§j 

17 IS 



n = Instruction Address n 

ALn ■ Operand Address for left instruction from Location n 

ARn » Operand Address for right instruction from Location n 

AS = Address of first location of Interrupt subroutine 

AT * Address of Transfer Table location where new IC and BSR settings arestor«*j 



BS 
ILn 
Hln 
f OLn 
ORn 



f 



Bias Register Setting 

Left instruction from Location n 

Right instruction from Location n 

Operand for left instruction from Loeatim n 

Operand for right instruction from Location n 



INTERRUPT, TIMING AND INFORMATION FLOW - NORMAL OPERATION 



'fjjtfAJ 



cj 



12 



'2 



17J23J24 



C2 



PC 7 



CO 



12 



17 24 4 



\t 



No op 

- No op 
-No op 



R 

S4 (AT) 
n 

R ' 

S 3 (n + 1) 
A - No op 



A - No op 



VI J8 • 2$. 24 



rJL. 



12 



nvim i 



112 



L7 



i- ::: 





1 


(None) 


i 


Cn+O 


AS ij 

AS j 

... lL 


CMSCn+Q 


; ■■ 


TRS(AT), No op 


...... ' '■ 


A BR (nM) 
AT 


. CMS(AS).. 
■ n J 1 


I R 


| 


IC (AT) 


r 


•'[ n -> 1 


| ; 


n + 1 


i f 



BSb 
BSb 



; R 

i 

CMS (BSb) 
BSa 



IC(AS) 
AT 



IC(n+l ) j 
24 1 \% '13" 



AT 
BSR(BSa) 

1? 18 23 24 1 



PC6 
CO - 



TRS 

JAS1 
[AS] 

C.YtS fcVrfl 

> 

R 



R 



~i 



( S4 (0001' 



AS 



AS 



48 



■PCS » 03^ 
CO 
12 1? 



MR (n+ 1, BSa) 


(0001] 


; R 


] 


R 





>R 

S4 (AL - AS) 
0001 

0001 







n+ J 



12 



17 18 U 24 ': i 



12 



BSa 

17 





; 


. -;■ ..*■*„,«« 










. 
















! CAR 




; ; 

1 .% [ 


7 

■-'.; 

... -.-, ■-■-■-I 


ei 

i 


17 




| j OCC 


24, 


''^*d 


;* 




DT 


i 








:■■;>. J . 


INT | 






"i^ 


INT3 1 




■^.......,:.W.^* ! ^._L 


(■:: ;.,<■•■;;'■ 

i. '.'':■.'-■ 

v '-.>.. . . ■ ■ 


^^. ..—™~.~- «~ 




INT I 
INT4 


H 






INT2 








i- --• - 


'■" '■■'■ ' 


... ') 








IL - AS 






Inst, Executed 





ft/5 



PL -AS 
OL-AS 

R 

: S4(AR-AS) 
1 AS 

i R ' 

S3 (AS + 1) 

AL-AS 

i 

AL-AS 



24 1 2 



12 



17 



24] 1 



Memiory 

IBR 

IC 

3SR 
ABR 

MAR 

MR 
DT 



..._i 



BS « Bias Register Setting 

tLn * Left instruction from Location n 

IRn * Right instruction from Location n 

OLn « C^ertad for left instruction from Loc$ 

ORn * Operand for right ifcstra#fcion from Lo 




n 



R '"= Fulglptoftteii* of 'register "contents 
R/fe = Halfjotation of register contents 
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! INTl 



1. 11 Interrupt Control Flip-Flops. Used to synchronize the Interrupt 
state (from the 400 Cycle Counter) with the OCC and to define the 
intervals at the Interrupt sequence. The Interrupt sequence is 
inhibited (at the beginning of CI) if a long command is not in its 
last word time of execution or if a transfer or a JOM is to be 
executed in the following CO. See timing chart on preceeding page. 



INT5 



1. 11 MCUINT Storage Flip-Flop. Remembers the MCU Interrupt signal 
until the Interrupt sequence can be initiated,, Used in INT logic. 



IO 



3. 8 Input Odd Bit. Presents odd bits of program selected input registers 
to the A Register logic. 



• 



IPU 

ISS 



1.0 Instruction Processing Unit. 

3. 5. 3 Star Scanning Mode Flip- Flop. Set code 7311. Reset when the 

Scanner Servo Positioned Flip-Flop is set (SSP=1). Also reset by 
: MOF or DOF. Used in Star Scanner logic to enable carry (SC) 
and borrow (SB) pulses to be generated for incrementing or 
decrementing the NS Register and to enable the Output Pulse Gates. 



ISW 



3. 5. 3 Input SW Register. Selects the SW Register to be read into the A 

Register. Used in SW Register logic to cause all register stages to be 
reset following readout. The star pulse width information is read into 
bit positions 1 through 4 of the A Register. Bit positions 5 through 24 
are made zero. 



ISWO 



s 



3.53 



Input SW Register - Odd Bits, 
to be read into the A Register. 



Holds the odd bits of the SW Register 



IUQ I 3. 1. 1 U Accelerometer Quadrature and Reference Signals. Variable frequency 

IUR I 1 3. 1. 1 ! square wave input signals indicating sign and magnitude of change of 

! velocity along the U Axis. See AUQ1, AUR1. 



IUV 




3. 1. 2 Input UV Register . Selects the UV Register to be read into the A 

; Register. Used in UV Register logic to cause all register stages to be 

reset following readout. The U Accelerometer count is read into bit 
|. positions 1 through 9 of the A Register with the sign bit (position9) 
I extended into positions 10 through 12. The V Accelerometer count is 

read into bit positions 13 through 21 with the sign bit (position21) 

extended into positions 22 through 24. 
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IVQ I 3 e lolv V Accelerometer Quadrature and Reference Signals,, See 

IVR I 3o lo 1 AVQ1, AVRlo 

IWD L 3 lo 2 Input WD Register s Selects the WD Register to be read into the 

A Register,, Used in WD Register logic to cause all register 
stages to be reset following readout, The W Accelerometer count 
is read into bit positions 1 through 9 of the A Register with the sign 
bit (position 9) extended into positions 10 through 12 The delta t 
count is read into bit positions 13 through 21 (sign always positive), 

IWQ I 3 1. 1 W Accelerometer Quadrature and Reference SignalSc See AWQ1, 

IWR I 3«1 1 AWR1 C ' ~ 
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JC 



JMP 



JN 



JOM 



LB 



] S | 1. 8 I JOM Contrfl Flip-Flop. Set at the beginning of DT1C if a Jump- 

( ) | on-Mi.nus (JOM) command is next to be executed. Usea in tiie 

j X4 logic to extend the sign of the 8 bit JOM address field in 

i . | forming Xne effective address of the jump location. 

1.3 Jump Signal. Decoded from the Operation Code Register. Condi- 
tional on the A Register being negative (A24*l). Use. to inhibit 
the ABB will not change curing CI and the memory contents 
accessed curing the following C2 will be from the JOM effective 
address. Therefore program control will be transferred to the 
JOM effective address. If JMP « 1 during CO (light codec JOM) 
the A BR will not change during CO anc the memory contents accessed 
during the following CI will be from the JOM effective acuress. This 
has the effect of changing the operand address of the left coded 
instruction following a right coded JOM to the JOM effective address 
but does not affect program control. If the left coaed instruction 
following a right coded JOM is a TRA, TRS or TRM, the JOM 
effective address will be accessed instead of the specified transfer 
table address „ thereby giving all memory locations the capability of 
being used as transfer table locations, 

1. 4 ! JOM next CO or CI. Decoded from operation code field of IBR, 
; Used in MDTN to inhibit the Interrupt sequence. Also used in 

setting JC and BIS. 

Jump-on-Minus Command, An operation code not explicitly decoded 
but used in forming JMP. If the jump is executed (A24*l) s either 
program control is transferred or the operand address of the following 
instruction is modified (see JMP). The location of the jump or 
operand address is relative to the Instruction Counter with a range 
of +127 to -128. If the jump is not executed (A24«t) the effect is 
j essentially the same as if no operation had been coded, 

3. 5. 2 Altimeter "orrow. A 2 us pulse occurring once for every Negative 
Altimeter pulse (NAL), synchronized with the Word Counter 
(WC1 8 WC2) and the digit time to occur at tiie proper time to ecre- 
ment the Altimeter segment of the NS Register (See HBI). Use in 
; the MBK1 and IIBB1 logic. 
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LET \ L 



2 « 7 - I Last Bit Time, A one microsecond pulse occurring every 13 us 
I during MPY and every 12 us during all other operations. Decoded 
from Multiply-Divide Bit Counter (MC1-MC4). Indicates the last 
bit time of the 13 us multiply cycle and the 12 us divide cycle. 
Used in MPY to provide timing for 1) extending the sign bit of the 
right shifted partial product in the A Register, 2) placing the 
I least significant bits of the partial product in the most significant 
i end of the B Register, 3) setting up the Multiply Control Register 
(Dl-D3)for the following cycle and 4) resetting the Carry flip- 
flop (CY1). Used in DIV to provide timing for 1) placing the most 
significant bit of the B Register {initially containing the last 
significant half of the dividend) into the least significant end of the 
] A Register, 2) setting up the Divide Control flip-flop (DC) and 
3) resetting the Carry flip-flop (CY1). 



, 



LC 



LDA 



LN1 S 

LN2 S 



LP1 S 






MA S 



MAC 



3.5.2 



1.3 



3.5.2 
3. 5. 2 



3.6.2 



1.3 



2.3 



3 9 



i Altimeter Carry. Same as LB for Positive Altimeter pulse $PAL). 
j Used in the HBK1 and HBC1 logic. 

1 Load Accumulator Register Command . Decoded from Operation 

| Code Register. Used in A Register logic to allow information from 

! specified memory location to be read into A Register. 

I 

Negative Altimeter Pulse Synchronising Flip- Flops . Provide a 
! single computer synchronized pulse for each negative altimeter 
; pulse (NAL). 

i 

1 Positive Altimeter Pulse Synchronizing Flip-flops . Provide a single 
computer syncrhonised pulse for each Positive Altimeter Pulse (PAL). 

! Long Right Shift Command. Decoded from Operation Code Register. 

j Used to oontrol gating in AU and IPU for execution of LRS command. 
Prior to the execution of LRS the address field of the LRS instruction 
(in IB13rIB18) is parallel transferred to CA1-CA6 (See CA1-CA6). 
During DTI through DT12 the Control Counter is decremented at a 

I 1 mo rate and the combined A and B Registers are shifted at 1 mc, 
two bits at a time, sign bit extended, until CA1 through CAS are all 
sere During DT13 through DT24 if CA6 ■» 1 the combined A And B 
Registers are rotated, bypassing the sign bit position of the B 
Register (B24) # to accomplish the one bit right shift With the last 
clock pulse of the rotation (SCF-1) the sign bit (in Bl is placed in 
both A24 and B24. 

M Register Odd Bit Delay Flip- Flop . Copies Ml during MPY. PC7*. 
Used as an additional stage in the recirculation path of the odd M 
Register so that the multiplicand will not precess during the 13 us 
multiply cycle. 

Manual Input Scanner Discrete Output, Code 7354. 
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M \ 




MA 



:«• 



1«*0 




PR 



Rosier Cfoted Clock. Cau-'" 2 - '* 
( ' the MjAR at the middle of ev^tW" 




R to be parallel transferred 



.1.10 | ,y moi|.A^|ssK|;§ter . (M/ - A&J2) 



^ ! '' 3U ^M ^ethoy A--- |£egs Regis ter. A 12 bit parallel access register used 

^llo hold the address of the instruction or operand during the word time 
I Alt r ,. ;. y BUlhat die instruction or'opei|and is being read out. 



'S i 2.3 



M^Regisier Even Bit Delay Flip-flop. Copies M2 during MPY. PC7*. 
Used as an additional stage in ftie recirculation path of the even M 
tegister so that the multiplicand will not precess during the 1$ /us 
multiply cycle. 



tfBR 



'MC®@ 



jVICU 

MCI 
MC2 
MC3 

MC4 



L 



i l •> ~ *!f ■ ■ 



® 

k 

6 



|?7 

2.7 



Modify Bias Register C omm and. Decoded from the Operation Code 
Register. Use 1 in the Bias Register logic to cause the Bias Register 
based effective address to replace the contents of , the Bias Register. 

j Modification nsay be in the range from +31 to -32 of the existing Bias 

| Register contents. 

| MC Gated Clock. Causes the Multiply-Divide Bit Counter to shift at 
I |J mc at all times other tha§ when the counter is in the FBT state 
dufing PC 7. 



% 



Manual Control Unit 

Multiply-Divide Bit Counter . 
A 4 stage. 1 mc serial counter 
having 12 states during DIV. PC 7* 
and 13 states at all other times. 
Used to define the 12 us add cycle 
during DIV and the 13 us add cycle 
during MPY. Normally, the counter 
is free running until PC7. FBT=1. 
When PC7*=1 it resumes counting 
and if DIV^l it skips the 0000 state. 



MC 1 


MC2 


MC3 


MC4 


►————- 

MP! 


DTV 


r 


1 
1 








J 



1 


.J J 


FBT 


i ; o 


2 


2 1 





i 
i \ i 



1 


4 


I 
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1 


1 1 
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1 | 1 
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1 


1 
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6 

7 
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o j o 
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1 
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8 
9 


8 
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! 11 
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MDTN 



MGC 



1.4 



2.3 



Multiply, Divide, Transfer or Jump Next CO or CL Decoded 
from IBR. Used in setting CA1 - CA3 prior to execution of 
MPY, DIV, TRA, TRM, TRS and JOM. Also used to inhibit 
the Interrupt sequence. 



M Register Gated Clock 



Allows the M Register to be shifted 
The M Register shifts at 1 mc during the add 



only when used. 

cycles of MPY and DIV and when it is used as a buffer for the 
Instruction Counter during the Interrupt sequence. It shifts at 
250 ke while accepting operands from memory during the first 
word of MPY and DIV and during TRS when it is used as a buffer 
for the Bias Register and Instruction Counter. 



MOF 



: i 



9 
5.3 

5.4 
6.2 



Memory Off Signal. 
is not operational. 
Control Flip-flops. 



Generated by MCU. MOF = 1 when memory 
Used to turn off certain Discrete Output and 



MPY 



; l 1.3 



MR 

MRD 

MRE 



! 2.3 
L i 3.9 



1. 1 



Multiply Command. Decoded from Operation Code Register. Used 
to control gating in AU and IPU for execution of Multiply command. 
During MPY the Operation Cycle Counter remains locked in either 
CO or CI and the Control Counter counts down to three (PC 3=1) from 
its initial setting of 7 (PC7=1) at the word time rate. The multiplier 
is assumed to be in the A Register at the beginning of PC 7. The 
multiplicand is shifted into the M Register from memory during PC 7 
while the multiplier is shifted into the B Register and the A Register 
is reset. At the end of PC 7 the Multiply Control Register (D1-D3) is 
set up for the first add cycle. During each of the first 11 add cycles 
(W24=l) a new partial product is formed from the previous partial 
product (in the A Register) and the multiplicand and placed in the A 
Register, shifted two bits to the right. The two low order bits of 
each partial product are placed in the high order end of the B Register, 
replacing used multiplier bits. During the last add cycle (W25=l) the 
new partial product is shifted one bit to the right and becomes the final 
product. During the last 18 digit times of PC3 the registers are held 
static, with the sign bit of the product in A24 and B24, the most 
significant half of the product in A23 through Al and the least signifi- 
cant half in B23 through Bl. 

M Register (Ml - M24) 



MAGIC Read Discrete Output . Code 7372 



Memory Read Flip-Flop - Even Bits. 
output at strobe clock (CPS) time. 



Copies the even bit discriminator 
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MRO 



MSK 



s 


1. 1 


L 


1.3 1 

t 



Memory Read Flip -Flop - Odd Bits. Copies the odd bit discriminator, 
output at strobe clock (CPS) time. 

Mask Command . Decoded from Operation Code Register. Used in the 
A Register logic to cause the contents of the A Register to be replaced "2 
with 'the logical and of the A Register contents and the specified memory J 
location contents. 



Ml 



i 



S 2.3 



S 


2.3 


1—1 


3.5.2 ; 


! 
: 

; I 


2.8 



M24 
NAL 

NAV 

NCP ; S | 

i ' 

NOD I 3.5.2 



Multiplicand - Divisor Register. A 24 bit register used in the execution 
of MPY, DIV, TRS and in the Interrupt sequence. May be considered 
as two 12 bit shift registers with a common gated clock, one register 
holding the even numbered bits and the other register holding the odd 
numbered bits. 

Negative Altimeter Pulse Input. A 75 + 25 y.s pulse occurring each 
time the altimeter senses a unit change in the negative direction. 

Earth Navigation Mode Discrete Input. Code 7216. 

Near Check Point Discrete Output Flip-flop . Set Code 7310. Reset 
code 7330. Also reset by MOF. 

Negative Odometer Pulse Input. A 75 + 25 fis pulse occurring each 
time the odometer senses a unit distance change in the backward 
direction. 



' NORMINT ! I 1 1.11 ! 



Normal Interrupt Signal from MCU . Used in the INT logic to enable 
the computer generated interrupt. 



NSGC L I 3. 5. 1 



NS Register Gated Clock . Allows the NS Register to shift at 500 kc 
when it is being recirculated, incremented, decremented or cleared. 



NSZ ! S | 3. 5.3 I 



NS1 
I 



NS12 



3.5. 1 



Si 3. 5. 1 



NS Register Zero Detector . Used in the Scan Mode Control logic to set 
SSP when the NS Register reaches the all zeroes state during GPM or 
SEM. 

Earth Navigation, Star Scanner and Extrapolator Register . A 12 stage 
serial shift register used as 1) an accumulator for the odometer and 
altimeter pulses during the Earth Navigation Mode, 2) an up-down 
counter for the Star Scanner Servo Control and 3) an extrapolator for 
generating the Sustainer Cut-off signal (SCO). The NS Register time 
shares Half Adder B for incrementing and decrementing. See HBI. 
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OB 



OC 

OCC 
OCR 
ODT 

ONS 



ONI 
ON2 

OPU 



OR1 
OR6 
OTA 

OUT 
PAL 
POD 



ORGC } L 1.3 



3. 5= 2 Odometer Borrow . A 2 /us pulse occurring once for every Negative 

| Odometer Pulse (NOD), synchronized with the Word Counter (WC1, 

i WC2) and the digit time to occur at the proper time to decrement the 

i Odometer segment of the NS Register. Used in the HBK2 and HBB2 

\ logic. 

L | 3. 5. 2 ; Odometer Carry. Similar to OB for Positive Odometer pulse (POD). 
| Used in HBK2 and HBC2 logic to increment the NS Register. 

1.5 I Operation Cycle Counter (CI, C2) 

! 1.3 ! Operation Code Register (OR1-OR6) 

T I ; Odd Digit Time. A 250 kc square wave, true in all odd numbered 

i | digit times. 

! I 

! i Output A Register to NS Register. Used in NS Register logic to 

cause the 12 least significant bits of the A Register to be read into 
the NS Register. » 

Negative Odometer Pulse Synchronizing Flip-flops . Provide a single 
computer synchronized pulse for each Negative Odometer Palse (NOD). 

Output Processing Unit 

OCR Gated Clock. Provides a clock pulse for the parallel transfer of 
the order code field (IB19-IB24) of the IBR to the OCR. 

Operation Code Register . A 6 bit register used to hold the commands 
during execution. 



S I 3.5.2 | 
S i 3. 5. 2 ! 



i S 1.3 



1.3 | 

3.6.1 j Output A Register to TA Register . Used in TA Register logic to 

cause the information in Al - A7, A9 - A15 and A 17 - A23 to be read 
into the TA Register. 

L ! 1. 3 Output Command . Decoded from the Operation Code Register. Used 

in the A Register logic to cause the register to recirculate. 

I I 3. 5. 2 Positive Altimeter Pulse Input. A 75 + 25 /xs pulse occurring each 

time the altimeter senses a unit change in the positive direction. 

I | 3. 5.2 Positive Odometer Pulse Input. A 75 + 25 jus pulse occurring each t,ime 

the odometer senses a unit distance change in the forward direction. 
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RDI 



RED 



RTE 



SAC 



SAF 



SB 



SBR 



1.1 



3.9 



1.3 



S i 3.5.3. 



S i 3.5.3 



L ' 3.5.3 



1.3 i 



Read Drive Inhibit Flip-flop . Used to inhibit the memory read 
currents when information is not being read. Set after the first 
word of MPY, DIV and IDL. 



Ready to Launch Discrete Output Flip-flop , 
code 7332. Also reset by MOF. 



Set code 7312. Reset 



Rotate Command , Decoded from Operation Code Register. Used 
to control gating in the AU and the IPU for execution of RTE command. 
Prior to the execution of RTE the address field of the RTE instruction 
(in IB13 - IB18) is parallel transferred to CA1 - CA6. During DTI 
through DT12 the Control Counter is decremented at a 1 mc rate and 
the combined A and B Registers are rotated two bits at a time, by- 
passing the sign bit position of the B Register (B24), until CA1 through 
CA5 are all zero. During DT13 through DT24 if CA6 =1 the combined ' 
A and B Registers are again rotated to accomplish the one bit right 
shift. The sign bit of the B Register is made the same as the sign bit 
of the A Register. 



Sign Azimuth Coarse Flip-flop. Set code 7301. Reset by CSR. 
in the Output Pulse Gate logic to select either CAN or CAP. 



Used 



Sign Azimuth Fine Flip-flop. Set code 7303. Reset by CSR. 

Used in 1) the Output Pulse Gate logic to select either FAN or FAP, 

2) the Carry and Borrow logic (SB, SC) to cause the NS Register to 

increment or decrement and 3) the Coarse Pulse Control (SJ1, SJ2) 

in selecting whether a to 1 change or a 1 to change in NS7 will pause 

a Coarse Output Pulse. 

» 

Star Scanner Borrow. A 2 jus pulse occurring every 7. 5 ms while the 
NS Register is non zero in 1) the Gross Positioning Mode or 2) the 
Star Scanning Mode if either the Azimuth or Elevation fine Eanble (EAF 
or EEF) has been set and the corresponding sign flip-flop (SAF or SEF) 
is true. The pulse is synchronized to occur at the proper word time to 
decrement the NS Register (See HBI). Used in HBK1 and HBB1 logic. 

Set Bias Register Command. Decoded from Operation Code Register. 
Used in the Bias Register logic to cause the 6 most signficant bits of 
the Bias Register to be replaced by the address field of the SBR 
instruction and the 6 least significant bits replaced by zero. 
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SC 



«>« Do O 



SCF 



SCO 



SCP 



scs 



3.5.4 



SCI 


L 


; 1.4 


SC2 


L 


! 1.4 


SC3 


L 


i 1.4 


SC4 


L 


1.4 



Star Scanner Carry. A 2 us pulse occurring every 7. 5 ms while 
the NS Register is non zero if either the Azimuth or Elevation Fine 
Enable (EAF or EEF) has been set and the corresponding sign flip- 
flop (SAF or SEF) is false. The pulse is synchronized to occur at 
the proper time to increment the NS Register (See HBI). Used in 
HKBL and HBC1 logic. 

LRS and RTE Odd Bit Shift Sign Control Flip- Flop . SCF=1 during the 
last half of DT24 if an add LRS or RTE is specified. Used in the A24 
and B24 logic to extend the sign bit for the LRS precession. 

Sustainer Cut Off Discrete Input. Code 7226. An internally generated 
signal indicating that the NS Register has reached zero in the 
Extrapolator Mode. 

LRS and RTE Precess Control. True during DT13-24 of LRS or RTE 
if an odd shift is specified. Used in A and B Register Logic to cause a 
one bit tight precession of the operand in the combined A and B Registers. 

LRS and RTE Shift Control . True during DTI- 12 of LRS or RTE until the 
rightmost $ bits of the Control Counter (CAl-CAJ)are zero. Used in the 
Control Counter Logic to enable the counter to decrement and in the A 
and B Register Logic to cause the operand to be right shifted or rotated. 



Secondary Counter States. 
Addressing. 



Decoded from CA4-CA6. Used in Input-Outptt 



SDP 



SD1 



3. 5. 3 Star Detection Pulse. A variable length signal fronuthe Star Scanner 
indicating the presence of a star or noise. Used in the Carry Flip- 
flop (SHC) logic for the Pulse Width Counter and in the Scan Control 
Counter (SKI, SK2) 



3.9 Spare Discrete Output Flip- Flop No, 1 . 

7334. Also reset by MOF. 



Set code 7314. Reset code 



SE 



SEC 



1. 4 End of Short Command or End of Last Word of Long Command. A2jis 

pulse used in effecting the parallel transfer of the instruction in IB13-IB24 
to the Operation Code Register (OR 1- OR 6) and the Control Counter 
(CA1-CA6) 

3.5.3 Sign Elevation Coarse Flip- Flop. Set code 7305. Reset by CSR. Used 
in 1) the Output Pulse Gate logic to select either FEN or FEP, 2) the 
Carry and Borrow logic (SB, SC) to cause the NS Register to increment 
or decrement and 3) the Coarse Pulse Control (SJ1, SJ2) in selecting 
whether a to 1 change or a 1 to change in NS7 will cause a Coarse 
Output Pulse. 
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SEM IS J 3.5.4 Start Extrapolator Mode Flip- Flop. Set code 7350. Reset by M OF 
j i or DOF. Enables EB to decrement NS Register. 

i j -. ■ ■• 

SHC ; S j 3. 5. 3 Start Pulse Width Counter Carry Flip- Flop. Produces a 2 to 8 us 

signal every 7. 5 ms while the Star Detection Pulse is true (SDP=1>, 

Used in SHS to cause incrementation of the Star Pulse Width Counter. 

SHS L 3. 5. 3 Jtar Pulse Width Counter Half Adder. Used to recirculate or increment 

the Star Pulse Width Counter (SW1-SW4). 
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SJ1 



SKI 
SK2 



S 

s 



3.5.3 



3.5.3 



Coarse Pulse Control Flip-flops . Used to detect a change from 
to 1 in NS7 if the NS Register is being incremented (SAF*.SEF*=1) 
or a change from 1 to if decremented, during the Scan Mode 
(ISS=1). SJ2 produces a 46 fxs pulse for each such change which is 
directed to the Coarse Pulse Output Gates (CAP, CAN, CEP, CEN). 

Scan Control Counter . Used to control the operation of the Star 
Pulse Width Counter (SW1-SW4) and the Scan Past Counter (SP1-SP4) 
during the Star Scan Mode (ISS=1) 



State 


SK2 


SKI 


Operation 











Increment SWC every 7.5 ms if SDP=1. 
Go to state 1 if ISS=1 and a count of 2 is 
in the Star Pulse Width Counter (SWC). 
(A count of 2 or more in the SWC is the 
condition for a valid star pulse.) 


1 





i 


Continue incrementing SWC until SDP=0, 
then go to state 2. 


2 


1 


1 


Step SPC every 7. 5 ms until it returns 
to SS7 (15 states), then go to state 3 


3 


1 





Set SSP. Return to state 0. 

i 



SPC 



SPGC 



3.5.3 



3.5. 



Scan Past Counter (SP1-SP4) 

Scan Past Counter Gated Clock. Provides clock pulses for shifting 
the SPC every 7. 5 ms (if SK2=1) or every DT6 if it is not in its 
initial state (SS7) and SK2=0. 
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SP1 
SP2 
SP3 
SP4 



SSP 



SS7 
STA 



S 

s 
s 
s 



3.5.3 
3. 5. 3 
3.5.3 
3.5.3 



3.5.3; 



L 3.5.3 



S! 3.9 



Scan Past Counter. A 4 stage, 15 state Johnson 
type counter used to define a 112. 5 ms overshoot 
past the trailing edge of the star pulse (SDP) in 
the Star Scan Mode (ISS=1). Before a star is 
detected the counter is initialized to state SS7. 
After the fall of the star pulse it steps through the 
sequence as shown, returning to SS7, and indirectlj 
causing the Star Scan Mode to be terminated. 




SS3 



SS4 



I o i i i r Of 

i 4 L J i 

l ! o i l 



SS5 _j If 10 
SS6 11 \ 111 



SS7 



1 1 



-4 



Scanner Servo Positioned Flip-flop . Set at the end of the scan 
past the star pulse during ISS, or when the NS Register goes to 
zero during GPM or SEM. Used to reset the Enable flip-flops 
(EAC, EAF, EEC, EEF) and the Mode Control Flip-flops (GPM, 
ISS), and in setting the EXO flip-flop. 

Scan Past Counter State 7 . Decoded from the SPC. 

Staging Discrete Output Flip-flop. Set Code 7352. Reset by 
MOF or DOF. 



STO 



! 1.3 | 

i 



Store Command . Decoded from OCR. Used in A Register and Core 
Memory logic. During STO the A Register is recirculated and 
Al and A2 go into CMO and CME. 
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ST1 
ST 2 



SUB 



swc 
swi 

SW2 

SW3 

SW4 

SZ 



SOI 
SO 2 
S03 
S04 
S05 
S06 
SO 7 
S10 
Sll 



s 

s 
s 

Is 

i 

I 

L 



i i 



! i 



3.5.3 
3.5.3 



1.3 



3.5.3 

3.5.3 
3.5.3 
3.5.3 



1.4 



2.8 



Star Scanner Output Pulse Synchronizing Flip-flops . ST'l produces 
a 46 us pulse every 7. 5 ms during GPM or ISS and is the basic 
timing pulse for the Star Scanner logic. ST2 prevents ST1 from being 
set more than once during the 7. 5 ms interval. 

Subtract Command. Decoded from OCR. Similar to ADD except that 
the contents of the selected memory location are subtracted from the 
contents of the A Register. 

Star Pulse Width Counter. (SW1-SW4) 

Star Pulse Width Counter. A four stage shift register using a unity 
adder (SHS) for incrementation. Used to accumulate the number of 
ST1 pulses occurring while SDP=1. The register is cleared to 
zero as its contents are read out during ISW. 



Secondary Counter State Zero. Decoded from CA4-CA6. 
Input/Output Addressing. 

Spare Discrete Inputs . 



Used in 



2.8 



SI 
S2 

S2D 

S3 

S4 



L i 2. 6 



2.6 



I S 



! L 



2.6 
1.6 

1.8 



AU Odd Bit Adder . Produces the odd sum bit during ADD, SUB, MPY 
and DIV. Used in the A Register logic. 

AU Even Bit Adder. Produces the even sum bit during ADD, SUB, 
MPY and DIV. Used in the A Register logic. 

S2 Delay Flip-flop. Delays S2 for four /us. Used in A Register logic. 

Instruction Counter Half Adder. Produces the incremented IC 
contents to be read into the ABR during CI. 

Operand Address Adder . Produces the effective address of the 
operand for the instruction to be executed during the following CO or 
CI. Addresses computed during CO go directly to the ABR. At the 
end oftfBlrthe address is parallel transferred to the AR and the con- 
tents Qijpe effective address are accessed during CI. Addresses 
computed during CI are buffered in the IC for a word time and go to 
the A^Et during C2 to cause operand selection during CO. 
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TAC 
TAGC 

TAR 
TA1 



TA21 

TBI 
TB2 



TC 



TCI 
TC2 

TIM 

TK1 
TK2 
TK3 



L 
L 



3.9 

3.6. 1 

2.8 
3. 6. 1 



3.6. 1 



3.6.2 



1.8 



L { 3.6.2 



H 






2.8 

3.6.2 
3.6.2 
3.6.2 



Target Scanner Discrete Output. Code 7356. 

TA Register Gated Clock . Produces 21 clock pulses per word time 
for shifting the TA Register when it is being recirculated, incre- 
mented or initialized. 

Target Data Discrete Input . Code 7270. 

Gyro Torquing and Autopilot Register. A 21 stage shift register used 
to accept program computed output values for Gyro Torquing and 
Autopilot Control. During Earth Navigation and Preflight, three 
seven bit values corresponding to changes in the torque for three 
axes are sent to the TA Register and incremented or decremented at 
133 kc. During flight, three seven bit values corresponding to steering 
error are sent to the TA Register and held until replaced. 

Gyro Torquer Borrow Pulses. Produce a 2 jus pulse every 7.5 ms, 
synchronized to occur at the proper time to increment a seven bit 
segment of the TA Register (See HBI). 

Transfer Address Control Flip-flop . Set at the beginning of DT10 
if the next command to be executed is a TRA, TRM or TRS. For 
these commands the rightmost 8 bits of the instruction are treated 
as an absolute address. Therefore TC is used to prevent X4G from 
turning off until the end of DT15 and to inhibit the Complement 
Control Flip-flop (CC) from being set. 

•i • ■ 

Gyro Torquer Carry Pulses. Similar to TBI, TB2. Used to 
decrement a seven bit segment of the TA Register. 

Time Marker Discrete Input. Code 7272. 

Gyro Torquer Control Flip-flops . Produce a control sequence every 
7. 5 ms. Used in the generation of the Gyro Torquer Carry and 
Borrow pulses and the Gyro Torquer Output Pulses. 



DT 



TKl. 
TK2. 
TK3 



23 24 



1 2 



23 24 1 



I 



23 24 1 



I 
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TNX 
TNY 
TNZ 



TPG 



TRA 



TRM 



TRS 



3.6.2 
3.6.2 
3.6 



1.3 



1.3 



2 



3.6.2 



1.3 



Gyro Torquer Inhibit Flip-flops. Detect zero in each of the three 
seven bit segments of the TA Register corresponding to the X, Y 
and Z axes. Used to inhibit the corresponding Carry, Borrow and 
Output Pulses. 

Torquer Pulse Gate. A state of the Control Flip-flops (TK2-TK3) 
used in the Gyro Torquer Output Pulse Gates. 

Transfer Absolute Command. Decoded from OCR. Used in TPU 
logic. Prior to execution of TRA the Control Counter (CA1-CA3) 
is initialized to PC 7. During the three word times required for 
TRA it counts down to PC5. During PC7 the contents of the Transfer 
Table location specified in the 8 bit address part of the instruction 
replace the contents of the Bias Register and the Instruction Counter, 
and the ABR accepts the new Instruction Counter setting. During 
PC6 the instruction pair in the first transfer location is read into the 
IBR and during PC5 the effective address of the operand for the left 
hand instruction is computed. 

Transfer on Minus Command . Decoded from the IBR and the sign 
bit of the A Register (A24). TRM is used to force the OCR to the 
TRA state if the sign of A is negative (A24=l). If A24=0, no command 
is executed. 

Transfer to Subroutine Command. Decoded from OCR. Used in IPU 
logic. Same as TRA with the following exceptions: 1) During PC7 the 
contents of the Bias Register and the Instruction Counter are sent to 
the M Register 2) During PC6 the ABR is cleared to zero 3) During 
PC5 the contents of the M Register are stored in location zero. If 
TRS is left coded in location n, the unincremented IC(n) will be 
stored. If TRS is right coded, the incremented IC (n+1) will be stored. 



TSA 
TSB 



| 2.8 
I 2.8 



Target Selection Discrete Inputs . Codes 7274 and 7276. 



TSX 
TSY 
TSZ 



TXN 
TXP 
TYN 
TYP 
TZN 
TZP 



S 
S 
S 



3.6.2 
3.6.2 
3.6.2 



I L | 3.6. 2 



3. 6. 2 



Gyro Torquing Polarity Control . Detect the sign bits of each of the 
three seven bit segments of the TA Register corresponding to the X, 
Y and Z axes. Used in Carry /Borrow selection, Output Pulse 
selection and zero detection. 

Gyro Torquing Output Pulse Gates. Produce 46 us pulses every 7. 5 ms 
when the corresponding Inhibit Flip-flops are false. Negative (N) and 
positive (P) pulses are mutually exclusive for each axis. 
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UQ 


: 

i 


3. 1. 1 


UR 


l 


3.1.1 


UVGC 


L 


3. 1.2 



UV1 



VQ 

VR 

WC1 
WC2 



S i 3. 1.2 



UV18 S 1 3. 1.2 j 



3. 1. 1 



I ! 3. 1. 1 



S | 3. 2 
S ! 3. 2 



U Axis Accelerometer Quadrature Signal Input. See AUB. 

U Axis Accelerometer Reference Signal Input. See AUB. 

UV Register Gated Clock . Produces two groups of nine 1 mc clock 
pulses for recirculation and incrementation and two groups of nine 
500 kc clock pulses for readout to the A Register. 

UV Register . An 18 bit shift register used to accumulate pulse 
counts for the U and V axis accelerometers. The UV Register is 
addressable as an input to the A Register and is cleared to zero 
on readout. 

V Axis Accelerometer Quadrature Signal Input. See AUB. 

V Axis Accelerometer Reference Signal Input. See AUB. 

Word Counter. A two stage, four state binary counter providing 
timing signals for 1) control of time sharing of Half Adder B and 
2) synchroniztion of input signals. 



DT 
WC1P 
WC1 
WC2P 
WC2 



24 



24 1 



24 1 



24 1 



24 1 



1 



WDSTEPi I } 1. 13 



WDGC ; L ; 3. 1. 2 WD Register Gated Clock. Produces two groups of nine 1 mc clock 

pulses for recirculation and incrementation and two groups of nine 
500 kc clock pulses for readout to the A Register. 

Word Step Signal from MCU . 

WDI i S ; 1. 1 ; Write Drive Inhibit . Copies RDI at DTI. Used to inhibit write 

; currents during MPY, DIV and IDL. 

! ; i 

WDI | S j 3. 1. 2 : WD Register. An 18 bit shift register used to accumulate pulse 

counts for the W axis accelerometer and real time. The WD Register 
is addressable as an input to the A Register and is cleared to zero 

WD 18 S I 3. 1.2 | on readout. 
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WQ 
WR 
WS 

W24 

W25 
W27 

XAB 

XI 



X2 



X4 



X4G 



I 

I 
S 



3.1. 1 
3. 1. 1 
1. 13 

2.4 

2.4 
2.5 

1.3 

2.6 



2.6 



1.8 



1.8 



W Axis Aceelerometer Quadrature Signal Input . See AUB. 

W Axis Aceelerometer Reference Signal Input . See AUB. 

WDSTEP Sync. Flip-flop. Synchronizes the WDSTEP signal from 
the MCU with the computer word time. Used in IDL logic to enable 
one operation cycle and return to C2. 

Words 2 through 4 of MPY. Set at the beginning of the second word of 
MPY (PC6) and reset at the end of the 11th add/subtract cycle. Used 
in A, B and M Register logic to control clocks and inputs. 

Last cycle of MPY. True during the last 13 pes add/subtract cycle of 
MPY. Used in A, B, and M Register logic to control clocks and inputs. 

Words 2 through 7 of DIV . Set at the beginning of the second word of 
DIV (PC6) and reset at the beginning of the 8th word (CZ=1). Used in 
A, B, and M Register logic to control clocks and inputs. 

Exchange A and B Registers Command. Decoded from OCR. Used 
in A and B Register logic. During XAB the contents of the A Register 
are replaced with the contents of the B Register and vice versa. 

Odd Bit Adder Augend Input. Presents the odd bit of the augend to the 
Odd Bit Adder (SI). During DIV the one bit left shifted contents of the 
A Register is the augend input. For the Odd Bit Adder this data appears 
in AB. During MPY. LBT the sign of the contents of the A Register is 
extended. This data also appears in AB. During MPY. LBT*, ADD 
and SUB, Al is the odd augend input. 

Even Bit Adder Augend Input. Presents the even bit of the augend to 
the Even Bit Adder (S2). The one bit left shifted' A Register contents 
appears in Al during DIV and the extended sign bit appears in AB 
during MPY. LBT. During MPY. LBT*, ADD and SUB, A2 is the even 
augend input. 

Operand Address Adder Addend Input. Presents the address field of 
the next command to be executed to the Operand Address Adder. Also 
presents "1" bits for extending the sign or for producing a 77 or 76, 
in the 2 MSD's of the address for absolute addressing. 



8 



X4 Gate Flip-flop. Used to inhibit X4 d iring DT15 if the next command 

is not a transfer and does not refer to working storage (77XX or 76XX ). 

o o 
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Yl 



Y2 



>Y4 



2.6 



2.6 



Y4G 



1,8 



1.8 



Odd Bit Adder Addend Input? Presents the odd bit of the addend 

to the Odd Bit Adder (SI). During MPY. LBT* either the multiplicand 

(if Dl-1) or the one bit left shifted pulttplicand (if D2-1) is the 

addend input. For the Odd Bit Adder this date appears in either 

Ml or MB* During DIV the cllflfer^is the addend input and appears . 

in Mlc During ADD and SUB, JptO is the addend input, 

Even Bit Adder Addend | pput.~^Presents the even bit of the addend 
to the Even Bit Adder (82). During MPY. LBT* this data appears 
in M2 (If Dl-1) or in Ml (if D2-1). During DIV the divisor data 
appears in M2. During ADD and SUB, MRE is the addend input. 

Operand Address Adder Augend Input, Presents the contents of 
either the Bias Register (BSB) or the Instruction Counter (IC) as the 
basis of the effective address of the operand for the next command to 
be executed. 

Y4 Gate Flip~Flop. Used to enable Y4 if the next command is a core 
reference command or a JOM. 



